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Introduction

NAVIGATION is the process of directing the movement of a

craft from one place to another. The root of the word
comes from the Latin word Navis meaning ship. Because

of this, many have suggested that the term for flying should -,
be “avigation™ (avis is bird); however, modern air navxga- '
tion has little to do with the instinct of a bird, and
_same principles of navigation apply to both ships and air-
"craft. Thus, Air Navigation has become the accepted terfn AN

.
I-td

| Air navigation can be .defined as “the process of detcr- ‘

mining the geographical position and of maintaining the .
desired direction of an aircraft relative to the surface of ’T"“i;
the earth.” Any movement in this uhiverse ultlmately 11
~ volves an intention to proceed to a definite point. Whether '

" you are walking, ndlng in your car, ti’avelmg on shlpboard ,
or flying in an aircraft, navxgatlon is the business of pro- )
_ ceeding in_such a manner as to arrive at that paint. Yodo
this safely is an art. Navigation is considered both dn art o
and a science. It is a.scientific art that i is at once interesting, -
. fun, exciting, and taking. There is no more satisfying feel-
ing than, flymg Cross country to arsive over your destu;anon
. preclsely on time and on course. There'is nothmcr more
" frighteping than to be low ou fuel at 8 OOO feet and not *
know where yo arels N fa* ‘

This should be a challengmg and fun part of your Aero-'
space Education course. This text is not designed to make
you a professional Air Force navigator. It is desxgned ‘to
give you the rudiments of light aircraft naw(lgatlon and
familiarization with the aids to bdsic skllls A
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ET’S ASSUME that next Friday is the last day of the school year.
'Bdkdre you start your summer job on Monday, you and several
of your friends decide to spend thé weekend at the beach,

In our hypothetical situation, you are located in Montgomery, .
Alabarha, and you are going to the beautiful white sands of Fort
‘Waltor~Beach, Flotida, Beford procteding any further, you and
your traveling companions dcc&de ‘fo go to the local gas station
and obtain a map, one of the ew free items left on the market:
The first thing that you do is to find Montgomery on your map
(Fig 1). You now have gartially solved the first element of the
navigation problem-positiah. As you fook at the location of Mont-
gomery,.you se¢ a blob bf roads and highways. It is difficult to
choose your particular ;bosition on this. map, and you ,obtait)

2
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FROM i}mTOTﬂBRB . f}

a larger scale city map that gives you more detail (Fig 2). On.
this map, you locate an exact position where you can begin your -
navigation to the beaches. This position is the intersection of Nor-
man Bridge Road and South Boulevard. You now, have solved
the first problem in navigation—starting from a known position.
From the known position, you must decide in" which direction
you will travel. In traveling by automobile, you are restricted to
the highways, a limitation .not found in flying. You decide that -
your general. direction will be south. If you were flying, you would
figure your heading and fly it. In an automobile, you must
select a highway pointing in that general direction. You have now,
solved the second part of the navigation problemi—direction.
School is out at 3:00 pm. Since you have not made the. trip

. before, you. must decide whether to leave on Friday or Saturday.
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. . .

AIR NAVIGATION

On the map, Route.331 and Route 85 appear to run in the right
direc}ion,and will take the least tigne.. To verify this, you must
check the distance. This is the third element of the navigation
problem. Distance is also needed to solve time,-the fourth ele-
ment. To find the distance, you could add up all the little milé-
- ages between towns, a tedious chore at best. On the other hand,
you could go to the map scale and find how many miles are ° .
depicted by an inch on the map (Fig 3) In our example, you *
find that one inch equals approximately 20 miles. On the map, .
almost seven inches represent the distance from Montgomery to. . .
* Fort Walton Beach. Therefore, it is approximately 140 miles. At an
average speed of 50 miles per hour (mph), you will take 2 hours
and 50 minutes driving time. With stops for gas and eating, you .
decide that, by leaving after school, you have plenty of time to
reach the beach Friday night and find a place to stay, rest after
T the trip, andy probably most important, find the girls.
- You have just completed a pre-trip planning problem. In fly-
ing, this is called preflight planning. Time taken in Jpre-planning
carr save you many headaches on your trip, and, when you are
« flying, careful, preflight planning can save your life.
Let us review what you have done. After deciding on where
', you wanted to go, you solved the fopr problems of navigation:
. a. Position=Imr our case, a known point in Mont‘gomgv——-
,South Boulevard and Norman Bridge Road. )

. -
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FROM HERE TO THERE . °

D)
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b. D}réction-—The' beaches lie south of Montgomery, therefore,
, you picked a highway heading south.

K c. Distanfe—Using the map 'scale, you found the distance to be
approximately 140 miles. - - .

d. Time—On the basis of safe averagé speed, you_figured that
it would- take about 2 hours and 50 mindtes driving time.

The “actual definitions of these elements are:
_ a. Position is 'some place that can be identified.
. b. Direction is the position of ont point in space felative to
” another without reference to the distance between them.

v . Distance is-the space between two points ‘and is measured

*
.

+ <« bythelengthof a line joining them. - . .
T d)« Time is either the hour of the day or an'elapse'd interval.
S a T ‘
' .,4 - MAR ELEMENTS - .

L)

, Thus ‘far, you have used the road map to find*such ftems as
. position, distance scale, and. road direction. Actually, this map
can give a lot more information designed to help ease your trip,
By reading the map, you can greatly reduce your chidnces of get-
. ting lost or having trouble. Y ) .
* Every map has a le’gend which is a kée} to explain the meaning
of the symbols on the,.map. Our legénd (Fig 3) included the
, miles scale that )iou used to’ measure the distance.
. Let’s take a closer look at the legend. You can tell whether
* the highways that you have selected are paved. You can see if
the highway is finished or being constructed or if it is only a pro-
posed route. You selected Routes 331 and 85, Are these high-
- ways ‘paved? Are they divided highways? Are they interstates?

Yoy can also see in the legend that the map 'will give the

* approximate sizes of the towns and cities that you will travel

through. What is the approximate population of Opp, Alabama?
How about Florala? S .

Additional data js shown on our map, such as the location of
airports, campgrounds, and county lines. Also shown are highway
route numbers and towns that are .county seats. After leaving
Montgomery, you pass through one more Alabamar county, seat.
+ What is it?) :

You used the mileage scale to find distance. Distances between
individual points along the highways are marked off on this map
by little stars, with the mileage noted in numbers about halfwiy
between the stars. On other maps, the markers might be dots

¢
. 5
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AKNAVIGATION -

or chccks How far is it between Luverne, Haﬁama, and Brant-
ley, Alabama? Would it be shorter to take Routes 141 and 84
than Route 331 bctwecn Brantley, Alabama, and Opp, Alabama?
.How many mllcs ‘shorter or longer is it?

' This map shows only a few of the symbols that can be de-
plcted Relief, cultural, and hydrographic features are three
items among the many that are shown on maps.

Relief features, which are physxcal features as rclated to the
height of2the land surface, chn be ‘shown. These include moun-
tains, hills, plateaus, plains, valleys, etc. Relief featurss are shown
by various methods, such as, shading, contour lines, spot eleva-
tions, and yariations in color. -

A contdur is a line connecting pomts of equal elevaﬁ?n. Flg—
ure 4 shows the relationship between contour lines and .
Nou that, on steep slopes, the contours are close together and,
on gentlef s, they are farther apart.

, A spot élevation 'is the height of a ‘particular point of terrain
‘ . above sea 'Ievel 'I@Js is usually denoted by a number next to a
[ g% dotyand gt mdwa ‘the’ height above.séa level.
L Differen, col e used to desxgnate areas of different eleva-
k_a.-m,, tign. Ihes are. ! grﬂient fints. Shading. or. darkenmg as the
helghtxmcrcases is & version of gradlcnt tint.
: o We' Lave already seen-how many _man-made featurgs arc de-
PR plctcd od maps. Tﬁese are, known as cultural featnrec. ?opulatcd

. - - - ﬂl\w
. * . id . },,."“ - e
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~ ' blank spaceseon the map. Some maps show vegetation, such as

v e HeVigating an aircraft at 6,000 feet. Maps have many different pur-.

a§

.o - . FROM HERE TO THERE _
"places, roads, railroads, installations,. dams, and bridges are some
‘of the many kinds of ‘cultural features portrayed. .Standardized
coded symbols denoting cultural features. are usually’ keyed in a
map legend. However, some maps use pictorial symbols, which
are self-explanatory ‘and require no Explanations in the legend. .
Just north of Andalusia, Alabama, (Fig 1) is a cultural feature
not explajned in the legend. Whatisit?  ° ' o
. Hydrographic features, such as oceans, coast lines, lakes, riyers,
streamis, swamps, and reefs, are portrayed by- either tinting or_

park areas, orchards, hedgerows, and vineyards. The maps that do
portray vegetation are usuglly more detailed than is necessary for
ou}'use.‘x : : , . PR

Almost anything can be portrayed’ on a map in one way of "..94
.,anothe‘}: Such’ thirigs as highway route numbers are veéry val- ,
. uable for g road map, but ‘they are not very useful for someone °

poses. If one tried to show everything on one map that would
be useful for everyone, the map would be so cluttered that it

A

found Is

* wouldbeunreadable. . ¢ - . o L
e 5 Ry ]
p o ' N ) - ~ - N -
: :'; F JYORDS AND. PHRASES TO REMEMBER.
* preflight - . * 7 legend ., .
Copesition | T~r - W25 relief fedtures :
direction . comtour ~ -
distance . . -gradienttints  ~
,timer . ° _cultural features
K ', hydrographic features
- QUESTIONS
s ' i . . . o . , . =
1. To' get more detail, we use a map Wltil a h&a/smallergsu]e?

rd .

2. The one element of navigation that is needed before any others ¢an be .

-3. The ___ :

is the navigatidh elément.

fance.

4. The separation between tw
between these points, -

" \5. To find-the navigation element time, you need to kiiow the

that deals with the relative position of two points without regird to-dis-

o points Is the

navigation element, . .

[ -

.o L. .
IR




AIR'N'AVIGATION
6, The elapsed interval to fravel between two points is called
. ? .
7. On every map, the key that explains the symbol 5 called the

. O -

8. Using Flzum 1, 2, and 3, answer the llowing questions:
a. Norman Bridge Road in Monuomery also known as Route
and Business ‘Route i
,,( b, If you travel 22 miles south on R 31 from Monuomerx, you will
be located i‘t
< }“halese ;lrﬂeld ‘at Andalush, Alabams, is a military a.lrﬂeld. (’l‘me or

9. The deplcﬁon of height of the land surface is shown by
- features.

,10.( Three ways to depict land surface height are:
y \ . R
o
b.

¢ " . .
11. A lake is an example of & ' : .
. fexfure on a map. . ;

-

) THINGS TO DO S

1. Go td your local gas station and get a map of your area. Plan a trip
from your home tq some point at least 150 miles aay. Use the four
elements of navigation to plan the_ shortest route. Pick out all cultural,
relief, and hydrographic features 10 miles on cither side of your route and
identify them. - -

» 2. Get a group of ‘students together and pjan a car nayjgation rally. Choose
a route and write directions for each car to follow. Set an avarage speed .
to be maintained (well below the speed limit); set"up check points and N
deduct points for missing the estimatéd tlm; of arrival at cach pomt
Brom the map, pxck out featiires along the routé and ask the contestgnts‘
to answer questions about them. The contestant dr team of contestynts
(dnver and navigator) who lose the fewest pomts win, , T

' e, > . . °

" SUGGESTIONS FOR FURTHER READINGS

. -

-

US Air Force AFM 51-40, Air Nawganon, Vol 1, Wlshmgton, DC
Department of the Air Force, 1968.
Lyon, Thosurn C., Practical Air Navigation, Denver, CoIorado Jeppeson,

1972, .
SANDERSON, Aviation Fundamentals, Denver, Colorado. Sanderson, 1972.
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Chapter 2
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From Here to There :
. in the Air -~ . . '

. . :
. ;
<4 1
« o
ety e roim e+ o o am

" THE DIFFERENCES Betwaen navigating on the highways and in -
the air are studied In this chapter. Upon completion of this
chapter, you should be ‘able to: (1) explain the differences

* between ground mdps and air chars; (2] identify the symbols

*__ on an air chart; (3) understand the use of different scale maps
for navigation; {4) undersfand the basics of pilatage; and (5)
understand procedures to be followed if you are lost.

e DS .,".. e R P

N -

4 -
y)b UPPOSE that, instead of driving to the Florida beaches from
S Montgomery, you or one of your friends has his private pilot’s
! "liccnsc, and you decide to fly to the Talladega International Speed-
way to see the 500-mile stock car race.'The Maxwell AFB Aero Club
has an airplane available for the weekend, and your friend, the pilot,
is eligible to use it.

The first step is to find the proper map. The road .map that
you used td drive to Florida was designed for driving. Infor-
mation_on county seats, gas stations, and points of interest is not
very valuable when you are flying at 6,000 feet. On the other
hand, some very valuable information for air navigation, such as
Jocation of railroads, radio aids, and tall towers are not  depicted
on a road map. What you need now is a map designed specifically
for air navigation. : ’

9

5




B e R A e e T
r} ST e BATTRET 4T T T T ATTE R T R TN TR

AIR NAVIGATION

If you asked someone for an air navigation map, you would
probably face a barrage of questions because there are many
different kinds of air navigation maps. Each is designed for a
particular method of navigation. Although the words ‘“charts”
and “map” may be used interchangeably, most professional nav-
igators, whether on land or sea, refer to maps as charts. For your
trip, you need a chart that will show enough featurcs for you to
navigate to your destination. - \

- \

AIR NAVIGATION CHARTS \ '

. The pilot of a light aircraft navigates primarily by lahMarks
and needs a chart emphasizing the lgndmarks cas:ly ‘identifiable
from the air. The airline pilot, on the other hand, is usually only
near enough to the ground to navigate hy landmarks on takeoff
and landing. It should be noted here 4hat every flight entails
some landmark flying .even if it is only to determine that the
pilot will land on the proper runway. For navigation purposes
then, the light plane and the airline pilot need different kinds
of charts,

"The type of navigation chart needed depends on the mission

to be flown. Some of the most common charts in use today in-
clude sectional charts, operational navigation charts, and ‘jet navi-
gation charts. These charts are designed primarily for landmark -
flying.
. The primary dﬁfercncc in these chasts is their scale, Obvxously,
charts are much smaller than the area which they represent. The
ratio between any given unit of length on a chart and the true
distance that it represents on the earth is the scale of the chart.
If a chart is to show the whole world and still not be too laige,
it must be drawn to a small scale. To show much detail, such as
that needed for the ‘trip from Maxwell AFB to Talladega, the
chart must be drawn to a large scalef Because of the larger scale,
_g smaller area is covered by the same size chart as one with a
_smaller scale. Remember. large area, small scale, small area, large
scale.

The scale of a chart may be. given by a simple statement,

. such as, “one inch equals ten miles.” This means that a distance
of 10 miles on the earth’s surface is shown as one inch on the
chart. |

" The scale may also be given as a representative fractiod, such

as 1:500,000 or 1/500,000. This means that onc of any unit
on the chart represents 500,000 of the same unit on the earth.

For example, one inch on the chart represents 500,000 inches

on the earth. P
4




FROM HERE TO THERE IN THE AIR

" A representative fraction can be converted into a statement of
miles to the inch. Thus, if the scale is 1:1,000,000 or 1,000,000
divided by (6080 x 12), one inch equals 13.7 nautxéal miles. On
a chart with a scale 1:500,000, one inch on the chart reprcsents 6.85
_nautical miles. The larger the denominator of the representative

fractlon the smaller the scale.

One other means of showing scale is the graplﬁc scale, This is
a graduated line usually printed along the border of a chart. Take
" a measurement on the chart and compare it whh the graphic
scale of miles. The number of miles that the mcasurcment repre- |
. sents on the ca;th Jmay be d dmctly from the c scale
on the chart. Q:a grawn
They Jet Navigatum (JN) Chart has a scale of 1:2,000,000.
The chart shows many pertinent hydrographlc and cultural fea-
tures. It is designed for.planning and navigation for flights by
long-range, high-speed aircraft. The detail primarily emphasizes
features that a navigator can identify from a high altitude. A
map that shows more detail of hydrographxc and cultural features =
is the Operatlonal Navignﬁon Chart (ONC). The ONC scale of
1:1,0005000 is larger than the JN and, therefore, usually does
. not cover as large an area on a smgle chart, The ONC is. used
.‘for medmm- dnd some low-level navigation for fhghts by hxghet
speed aircraft e s
The sectlonal chart, whxch you will use on your fhght, is con-
sidered the basic aeronautical chart of the United States. The - ~
sectional chart scale is 1:500,000 and has the largest scale of the
three basic aeronautxcal charts used for landmark flying.

The Sectiona] Acronautical Chart provides detailed ground fea- -
tures that are good for visual ground,/chart orientafion, at prede- .
termined checkpoints. This type of chart shows magy ‘types of
hydrographic and cultural fcaturcs.,)lt also depicts all importarit
navxganon axds and air facilities. ?,9 o co

Puh of Charts . .

a

We have looked at the three types of charts and, for your e ,,
flight, we have d&ided to uSe the sectional. The secnonal charts
aro produccd by the Nationak Oceanic and Atmosphcnc dmin-
istration in Washingto . They can be boughtaat t very, .
airport. *Since each nal chatt can cover only,a relatively
small arda, we must find which sectional to choose. Figure 5 .
shows the sectional charts that cover the United States. This index
is shown on every sectional chart, Apparently, the chart ‘that you
will need is the Atlanta Sectional. .
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Figure 5. Index of Sectional, Chdrts covering the United States.

Let us take a closer look’ at our séctional chart. The first thing
that you should look for is the title infofmation (Fig 6).

Note that we have the Atlanta Sectional Chart with a scale of
1:500,000. It is a Lambert Conformal Conic Projection: we will |
study what this means later. The next section is“probably the most
important on the chart. You must check to’insure that your chart
is not qutdated. As you ‘can see, this chart should have become
obsolete for use on 27 April 1972. Do not use an obsolete chart

Lambert Confermal Conic ProjectiomStanderd Paratials 33°20° and 38740°

’¢ - b,
’
Topogrophic data cerrected to August 1971

tz sttectee. October 14, 1971

ATLANTA
SECTIONAL AERONAUTICAL CHART
SCALE 1:500,000 :

TH EDIMON cted te include s “«
and all ether tical dsta reciived by September 13, 1971
Consult spproprists AMS snd Flight information
’ T e e da50 804 curen informetion
This thart will becoms OBSOLETE POR USE N NAVIGATION upon publication ot
the nest edition gcheduled for APRIL 27, 1972

. PUBLISHED h ACCORDANCE WITH  INTER AGENCY AR CARTOGRAPHIC COMMITEE
SPECHICATIONS AND ACREEMINTS APFROYED 8V
DEPARTMENT OF DEFENSE FEDERAL AVIATION A“NBTM‘NON DEPARTMENT OF COMMERCE
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Figure 6. Sectional Chait Title Information,
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for ﬂymgl" Running into a new tower not plotted on an old chart

. can ruin your whole-day. -
Figure 7 shows the relief features’ dechted on our chart The

" tint shading on the right snde is made up of. different colors.
There is pale green at sea level dark green from 1,000 to 2,000.
feet; pale yellow from 2,000 to 3,000 feet; dark yellow from 3,000
to 5,000 feet; and.'salmon colored. from 5 000 to, the hlghest
. elevation depicted on this chart (6,684 feet)
. The -aeronautical symbols oft ov,ubsecuonal chart are. depxcted
" in Figure 8. What does a little parachute mean? What symbol
shows ‘ah airfield with a runway ober 1,500 feet long with no
faciliies? What does the number in parentheses beside a tower
or obstruction mean? —_ S

\ \ ) ‘(’\_'. . T

t

CONTOUR INTERVAL & Lo &
- * 500 feet - R :
Infermediate contours shown ot 250 feet ¢ N

»

.
»

500 == et Lo Y .
Sask . Intermedigte

. HIGHEST TERRAIN elevation is )
- 6684 feet . .
located of 35%°46'N ~ 82°16'W . \

. , ‘- | 2000
Approximate elevation........... x3200 M8 2000 -

Doubtful locations are indicated by omission a &( .
of the point locator (dot or ""x*) . — 1000 —~ *

.

MAXIMUM "TERRAIN ELEVATIONS '

Ma:imum Terrgin elevation fi i
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AIR NAVIGATION o+

Thus far, we have found the title information, relief data, and
aeronautical symbols used on our chart. With the other data ar-
ranged around the edge of the chart, these constitute the legend
of this chart. . ' i

One of the more important items found in the margin of the
chart is the list of prohibited, restricted, warning, and alert areas
tha(\a‘? included on the chart (Fig 9). This list explains restrte->

. tions that apply in a particular area and who is responsible for the

, area. Also found here is an explanation of what is a probibited,
restricted, or alert eay Are you permitted to fly into a prohibited
aréa? What are the-festrictions for an alert area? If I wanted to fly
ﬂi:l:: R-2102, whom would I contact for: permission? -~

h more information is included in the margin of your chart,
such as the graphic scale, special notices, remote control fre-
guencies for radio contdcts, and contzal tower frequencies. This
information could be useful, and you hould be familiar with cach ’
of these items.

&> * \/
PROHIBITED, RESTRICTED, WARNING, AND ALERT ABEAS
ON ATLANTA SECTIONAL CHART

NO. NAME | ALTITUDE TIME APPROPRIATE  AUTHORTY
Asnlston Depet, Te 5000 0700 te 1800 C. O. Annlsten Army Depet
22101 Al Army Depet, R 44
22102 Fort McClolion, Ale, Subecen A - Contlnvevs t FAA, Ateats ARTC Conter '
3 s 3000 E oree FS3,
Subocon B » 0. Fort McClellon, Al
"n- 8000 te . J
L]
4,000 N
Svbeces C »
. From 14,000
1o M 240
R2I04A _ Hemieville, Ale. Te L300 “Coatiowews T TAR, MempBi AXIC Canter
GG, US. Army Minile Commend,
. Redstona Arsensl, Ale.
221048 Hendviile, Ale, Te 2400 Continvdue t :'A:."':O'- ARTC Contor
' C.G. U.S. Army Minlle Command,
Redelona Aneadl, Ale.
A-301A Sevenneh, Ge. Te 4000 MSL 0600 te 2400 Commending Gen, US. Army
- oxchiding 2NM Men, thep Frl. . Flight Tral Contor,
sithér side L. H. Stewert,
Alloadulu', $.C .
YOR 175 rad
oxtending
Saveannak
> 32°21°N, Alert
" . Conlder floers
i shown on chart,
A-3018 Savennek, Geo. Te 1500 MSL 0400 te 2400 Commending Gen, US. Army
Men. thev Frl, Flight Treinlag Centor,
¢ - Ft. Stewett, Gu. . m
7+ Prodibited 2. Restrcted W - Werniag Ao Mot 1 - Controlling Agency
ot Unless athorwhe neteds Aititvdos o MSL and tn Foats tlme o lotal, .

Ne penensholl aperate an aicreaft within g Frobiblted Acss, o withia @ Rutricted Ares boty the designeted
altitvdes duriag the time of doul ion waless prior permission hat boon ksved by the appropriate evthecity a4
fitod above, The appropriute eutherity s defined o4 sither the conlrailing agency (1) o¢ the wing egency,

Frght within Alert Arsss & not restricted, byt pliets era edvisad 1o oxecche extreme ceution, 2671 &

.
1 .

Figure 9. Prohiblied, Restricted, Warning, and Alert fuus.
o . 7 23
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FRO! maliz TO THERE IN THE AIR

As you' study our mdp more closely, you notice that the upper
half of the area is printéd on one side, and the lower half of 'the
area is printed on the other stde

AY

FLUGHT PLANNING o
‘e s "‘..‘L';'_ oy~ > -~ Y em A v —\
We have selected the sectional chart ‘because ives enough
details of points on the gr‘ und so that we can use them in navi-
gating from Maxwell AFB to Talladega. This type of landmark,
flymg is called p}lotage. In the United States, as long as the weather
is good, it is possrblc to fly almost dnywhere by pilotage. Other
means of navigation are explained later, but the basrc method
of light plane 'navrgatron is prlotage - ‘

Whethes, the flight is en]oya}’ ble depends a great deal on how

well you” preplan or_ preflight. Preflight activities include not only
planning the flight but also making a check of your aircraft.
Here, we are primarily ‘concerned wrth sthe preplanmng of “Your

flight. - -

The next step after selectmg your chart is to check the Airman’s
Information Manual (AIM). The AlM is drvxded into four parts
and a supplement. Each part of the AIM contains fnformauon v:tal
to the planning of your flight.

1 contains textbook type, matenal, such as a .Glossary
of eronautical Terms, Emergency Procedures, and Health and

Zircal Facts of interest to flyers. Thrs part is revrsed and ssued
every. threg' month§.

art 2 of"the AIM is the Arrport Drrectory and is a-listing of
flight service statidn and weather bureau telephone numbers Part
2 is revised and issued semiannually:

Part 3 contains |Operational-Data gmd Notices to Airmen. This
part is issued evefy 28 days. The Notices to Airmen (NOTAMS)
section, which is a, supplement to Pari 3, includes items considered
essential to the satty of flight. This {upplement is publrshcd every
14 days. :

Part 4 of the AIM is eiititled “Graphrc Notices and Supple-
mental Data.” It contaips a list of abbreviations used in AIM and
other 1tems, ,@xr:h as Heavy Wagon and Oil Burper Routes “(high-

_speed low-levgk navrgatlon training routes for Air Force bombers

and fighters). This part is revised semiannually.

For your flight, you nced to check Part 2 closely for information
about’ ygxr destination airfield Talladega, and you .also 'need to
find th® telephone number of the nearest weather station. In
Part 3, you should take a look at the NOTAMS to insure that
none of these affect you. On every flight, parts of the AIM should

_EKC B SR
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.

be checked, and the flyer should be at least familiar with all
parts of AIM.

After selecting your chart and checking the AIM, you should ~
check the weather for current reports, forecasts for enroute and
destination weathery winds at flying altitude, and pilot weather re-
, Dorts (PIREPS). This can be done by telephoge, but a visit_to-
" the “weather station af an airport is preferaﬁley ~

On your flight, you will navigate by pilotage or landmark fly g.

This, of course, means that you will need to maintain visual ¢

tact with the ground & all times. Thi$ type of flying is consxdered
to be under visual flight rules (VFR). If you were making your
flight in weather, you would fly under instrument flight rules
(IFR). Whenever you fly IFR, you musf file a flight plan with

a Federal Aviation Administration (FAA) flight service station

(FSS). An'FSS is an air-ground voice communication station, that
relays clearances, requests for clearances, and position- reports be-
tween. enroute aircraft and traffic control centers. In general, the
FSS is a facility that aids the flyer during all phases of the fhght
For' VFR flights, you are not required to file a flight plan, but
itisa good idea to do so anyway. Figure 10 shows the flight plan
for your propdsed flight. With a filed flight plan, everyone knows

your mtentxons, and, if somgthmg happens, the ‘proper agencies

1
2

DLPARTMENT OF TRANSPORTATION— FEOLIAL AVIATION ADMINISTRATION L Form Apprayed
FLIGHT PLAN O N, 0420072
[ 1 AnCaas b et v [y g ) oIt & Mtratiuae g T Crunsine
i mcuuousmw Anrite [riorosts 1 acwal @] AVITUNS
) BH633A [CESNA vagy | MXF s00 | §500
+ 1OUTE OF fusiy
“ ~
Div 74))q Jé_sﬂ» #P‘IL :
* BUITNATION INeme of 337 N SNROUtS |1 Rimanxs .
sepect and city - . gy ¥ ¢
’fﬂ//ndeg4 "b* Hours MINUTES . -f!“ . :&2{
Tiiadags Ala, 0 |50 - Y
13 fUTL DN BOARD |13 ALTERNATS AIRPORT:Y) " :Jno,vws NA,?I APDRISS b FELTPMONS NUMITR A chu uo”h:’l‘utl " u‘oom.n
wourts  [wmunts ERNANDEZ. 718 EdgemonT Ais] ) -
¢ |30 | WR Mowtgomeny , Ala. 2¢5-0007 o
Maxwed AFB, Al 2% W
“gve " Y nAamusFon__rss o(n ARRVAL] 1 *
Whte Toim ° CLOSE VFR FLIGHT PLAN WITI F! {“ .
FAA Form 72331 (312) ¥ !

Figure 10. Flight Plan.
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FROM HERE TO THERE IN THE AIR

will have the information that they need. For example, if you
are overdue at your destination, search procedures can be started.

In explammg every little detail, we make it. appear that a great
deal of work is associated with preplanning a flight. In reality,
after a few flights, you will develop a routine, and, almost
everythmg explained so far can be done in a few minutes. These
few minutes can saye a lot of_gnef and maybe even your life.

Everything discussed so far is done on every flight. The next
few steps of flight planning are concerned primarily with your
method of navigation-pilotage. If you were planning to fly IFR
- by radio navigation, you would flight plan differently.

' . 7 PILOTAGE PREFLIGHT

You have checked the weather and found it to be “good"
between Maxwell AFB and Talladega, and it is forecast to remain
s0. In checking ‘the AIM, you find that the alrflelds are okay and
will be open for’ your flight. .

The next thing is to plan your route of flight in detall This in-
+Cludes the four elements of navngatlon position, dlrectlon, dis-
tange, and time.

Taking your up-to-date chart the first thing is to locate your
departure and destination points (Fig 11). This gives the first
element of the navigation problem-posmon Mazxwell AFB just
outside of Montgomcry, Alabama, is your known starting point.
Talladega Airport is located northeast of Montgomery. After lo-
cating these two points, you should have drawn a line between
them whether you intend to fly the straight-line route or not.

To prepare the chart ﬁorp.easy reference and to figure their dis-
tance, most pilots mark the line in 10-mile, increments. This
can be done by laylrfg a piece of paper along the statute mile
line of the graphic scale and marking 10-mile increments along the
edge of the paper. Next, lay the paper along the route and transfer
the 10-mile marks to it. Many navigators matk each increment
with the mileage; others indicate the 50-mile mark by maklng it
longer than the 10-mile marker. Your straight-line route is 84
miles long. You have solved the distance element of your naviga-
tion problem if you decide to fly the straight-line route.

Your aircraft cruises at 120 mph or 2 miles per minute. The
time enroute for a straight-line flight is 42 minutes ‘84 + 2).

On your straiglit-line course, you see that your direction is ap-
proximately northeast. While you are lookmg at the straight-line
route, take a minute and study it. Is it the safest route? Does it
make you fly over high terrain or over wide bodies of water?

19
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Figure 11. Sectional Chart for Flight from Maxwell Air Force Base to Talladega Airport
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- FROM HERE TO THERE IN*THE AIR y
Are there emergency airports that you can usc in case of aircraft
malfunction or a thunderstorm? Also, are there plenty of land-
marks along the route so that there is no chance of getting lost?
When navigating by pilotage, you'should always have an alternate
route that will help to insure an easy and safe flight.

When you look for alternate routes, you should remember that,
since this chart is designed specifically for flying, it omits some
items which might hide significant navigation points. On the other
hand, some features are shown out of proportion because of their
navigational value. For instance, on your proposed flight to the
races, the destination, Talladega airport, is shown as being over
two miles square in size. In reality, it has a 6,000 ft runway,
and. it is a mile long narrow complex. From the air, however, it
stands out as a good navigation point, and it is, therefore, em-
phasized on the chart. -

After studying the chart, you decide that the straight-line route
does not appear to be the easiest ‘or the safest. You note that
after crossing Lake Jordan 20 miles out of Maxwell, you will
not have many good checkpoints or landmarks for 30 miles. Also,
there are only a few emergency airfields in this area.

You decide to follow the straight-line route for approximately
19 miles to Lake<Jordan and then turn left to follow the Coosa
River and, the power line to the airport, dam, converging power
lines, and power plant just north of Ware Island. From 'there,
you will turn right, following the power line for 12 miles until
you pick up the railroad, road, and powerline running into
Sylacauga. After crossing the town, you will pick up the road,
railroad, and powerline running northeast to Talladega. From
there, you can fly north until you see the destination airfield
next/to the racetrack.

Overall, this route appears to be the safest. It has emergency air-
fields along the routec and plenty of landmarks to navigate by.
With the exception of the short distance between Ware Island
and Fayetieville, you are not depending on only one lincar fea-
ture to follow. A linear feature is a straight road, railroad, powet
line, etc, which can be followed. When you pick only one, especi-
ally a road, it is very easy to pick the wrong one and become lost.

_ The best method is to find two lincar landmarks running in your

direction so that you can make a crosscheck. Also, you need
distinct features crossing the route so that you can check your
time to scc how fast you really arc moving across the ground.
The Federal Aviation Administration (FAA) produces VFR
Pilot Exam-O-Grams, which arc brief and timely cxplanations of

important acronautical jtems. In VFR Exam-O-Gram 18 is
some very good advice for your flight: RS
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AIR NAVIGATION

“Refnembég this point. Be sure you have up-to-date charts,
including those adjacent to the one in use. Everything which
appears on the chart will usually be on the ground, but no
standard chart is so detailed that everythmg you can see on the
ground can also be found on the chart.”

When you mark off 10-mile distances on the new route, you
see that the total is 94 miles. By taking a safer and easier route,
you have added only 10 miles to your distance. At 120 mph,
this amounts to a total of 5 minutes more flying nme, a small
price .to pay for safety and peace of mind.

When you checked the weather, you found that the winds
at your flight altitude are light and variable, therefore, your cruis-

. ing speed of 120 mph will also be your speed over the ground.

Thus, at 2 miles, per minute, you will take approximately 47
minutes flying time to reach your destination. You actually need
to add about 2 or 3 minutes to allow for time to climb and reach
cruising speed. On your flight plan, under Estimated Time En-
route, you insgrt 0 hours 50 minutes. This completes your pre-
flight planning.

You have checked the weather and AIM, filed your fhg‘ht
plan, and studied your route. You can now ptoceed to the air-
craft and perform the preflight checks on it. After strapping in,
starting the engine, and taxiing to the end of the runway, you ask
over the radio for take off clearance. You are cleared and ready
for takeoff.

THE FLIGHT

Takeoff from Maxwell AFB was made on Runway 36, meaning
that you took off going due north. As you start your takeoff
roll, you notice the time. It is 1000 (10.00 am); you only need
1o turn a few degrees right to be on course.

You climb to your des:gnated altitude of 5,500 ft with the lo-
cal altimeter setting set in your altimeter. You chose this altitude
because your first heading was made in the eastern hethisphere
of altitude separation (Fig 12). After making your first turn over
Lake Jordan, you will be heading toward the western hemisphere,
and you must either climb to 6,500 ft or dxop of 4,500 ft.

“ At 1008, you pass. over the Wetumpka Anrport which is located
at your 10-mile mark and should be just to your left, In quick suc-
cess;on, you spot the little town of Elmore 'with its distinctive

junction of railroads, lmmedlately followed a little further to the

left by the small lake and prison. Just beyond this point, you see
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figun 12. H;mis!:hnic Altitude Separatian . Boud_on aircraft heading.

Lake Jordan, and yau cross-check your ‘position using the dam to
your right and the converging power lines. .

As you cross the shore of the lake, you turn left and notice
the two distinctive lake inlets, one_on either side as you come
up on the 20-mile mark. The time is 1013 or 13 minutes into
your flight. You Had planned to fly 120 mph, which should have
" you at 20 miles in 10 minutes plus 3 minutes for takeoff (TO)
and climb. You are right on schedule. .  &°

You fly to one side 'of the river out of.Lake Jordan to pick

out landmarks, such as the distinctive curve just short of the 30-
mile mark ##d the, bridge, dam, power plant, and tower at abput
33 miles. You note ;your time when you pass the dam, and it ig
1021. You %hould have reached this point in 19% minutes (16%

+ 3 for TO and climb). You decide that some wind,must be slow-

- ing thé aircraft, since it appears that you are behind your flight
plan by 1%" minutes. No sweat!! )

30
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The camp at about 36 miles is not visible from the air, but
you don’t worry, since the wide lake finger to your right is very
distinct. At approximately 42 miles, you spot the river island and
then the second island with Ware Island Aifport on it. These are
followed by your turning point, the dam and power plant.

.You make the turn at 1027. Your planned. time was approxi-
mately 1024%- still no cause for worry. Since this leg has few
check pomts you need to be very cargful. You pick out the power
line running northeast, and, crossing the finger ,of the lake, your
start to follow the power line. Here you arg violating a basic
principle of pilotage: don’t follow only one landmark. Only a
" short distance further, you spot Fayetteville and the rajlroad run-
‘ning into Sylacauga. In case you had missed this checkpoint,
you had planned to fly until you crossed Route~280, a divided
four-lane highway, and then turn right back té Sylacauga. How-
ever, since you have spotted Sylacauga and Lee Merkle Airport
aleng the highway, you don’t need to use this alternative.

Turning over Sylacayga, you easily sight and follow the rail-
rodd, road, and powerline running northeéast. At Sycamore, an

excellent checkpomt with all your landmarks converging, you noje *

that your time is 1040. Some «f the time lost earlier has ‘been

", regained. At preplanned speeds, you would have crossed this’

point at about 1039. You were 2'4 minutes behind your flight
plan the last time you checked. Now the difference is only about
a minute. Things are lookmg good.

At the 80-mile mark, you cross the very distinct railroad bend
"and spot the town of Talladega straight ahead. Over Talladega,
you make a slight left turn and fly directly to your destination
airfield. As you enter the downwind leg for landing, you note
that it is 1050. Right on time!

. After landing, parking, and going into operations, you make &
" telephone call to the Anniston FSS to close your flight plan. Now
on to the races. .

LOST!!!

*

It seems that all who fly cross-country are destined to lose their
way’ or become “‘tempordrily misplaced" at one time or another.
.For this reason, you should give some thought to procedures and
practices that may be used to lead wandering birdmen out of thc
wilderness.

The Federal Aviation Admmlstratlon gives some excellent ad,
vice on what to do when ‘you find yourself unsure of whcrc,you
are: :

24
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.. oL . FROM HERE TO THERE'IN THE AIR .
1. Don't fight the problem; solve it. Stay loose; don't hit_the
panic buttory’ Panic virtually assures that all the thinking ggars will
" grind to a-halt.” .. - T Y ’
o >Analyze and evaluate as to:
- " a. Fue] available and consumption rate. How much longer
“can you fly with the fuel you have? Be conservative, not hope-
lessly optimistic. = - : - . .
b. Weather. It is good, bad, indifferent, improving, or de- -
teriorating? * .
" c. Equipment. Is everything functioning?
d. Terrain. Is it open land, flat country, mountains, marshes,
semidesert, or sparsely or thickly populated? .
e. -Daylight. How much do you have left? Once you have
assessed the situation, you cad make vital decisions. One of the
first is to detide if help is available, or are you alone?

The following are the steps that you should take .if every-
) " thing, such as fuel, daylight, and weather, is in good shape:
T . a. Keep going straight. Establishing a course because you have
a hunch or because you “got a feeling” is for the birds. Don’t
.wander aimlessly. ' e — T
b. Use information about your last known position, elapsed .
time, approximate wind and ground speed (air speed is better
"than nothing) to establish how far you have traveled since your
-+ “Jastcheck point. . - g v
"% c. Use this'distance as a radius and draw a semicircle ahead
Jof the last known positiop. on the chart. For example, on your
. flight, you flew at 120 mph, and this was about the speed over
*,the ground, too. If you'had become lost 10 minutes from a check-
v poiﬁt, then you would have d;awn your semicircle 20 miles from °
-4sthe’ checkpoint. . . : . .
*_ d. Loosen up the eyeballs and. starf some first-class pilotage.
;‘rbo'p't overlook the possibility of being lost, yet right on course
or very nearly so!! First, look for something big. Don’t;concern
. yourself with the minute or trivial,at this point unless nothing
better is dvailable. Often. there, will be linear features, such as
“rivers, mountain ranges, or prominent réads and railroads, which
‘will be easy to spot and identify. If you can't find anything or. if
you still can’t find yourself, use anything that might help, don't
pass up a thing. Don’t go' down low and stay there. As a gen-
- eral rule; it is both safer and easier at higher altitudes. .

N . 8 N

-*. What should you do if you become lost and you have other
problems? Lost and low on fuel; lost with the wéather deteriorat-
ihg; lost with night coming on and no night-flying or instrument
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experience; lost with engine trouble or some equipment mal-
functioning; GET IT ON THE GROUND! Most accidents are the
product of mistakes thaf have multiplied over a period of time.
Getting lost is no exception. If terrain or other conditions make it
impossible to get down at the moment, don’t waste time. Don't
search for a field comparable to Kennedy International. Anything
usable will do. - ¢

Once again, the FAA gives some good advice when ,you're lost
and have other problems: : p

Never fly until the petrol peters out. There are few things so
nerve-shattering as the rustle of the wind when an engine has
coughed it last. - e

Never fly until the sun slowly sinks in the golden west. It may be
a beautiful sight, but the goblins will get you if you don’t watch
out. : N

Never fly until the biggest and meanest goblin of them all, Ole
Bad Weather,. falls flat on his *ce. He will do his best to take you
with him. , . .

. Na

WORDS AND PHRASES TO REMEMBER

scale . AIM .
aphic scale S NOTAM;s

;'I-‘Ipchart _ PIREPs

: VFR

ONC IR

Sectional Aefonautical Chart - Jipear feature

pilotage VER Pilot Exam-O-Grams
QUESTIONS ‘

1. What Is the difference hetween a chart and a map?

2. The difference betweert ONCs, ‘JNs, and sectional charts is based on

thelr
3. What is the definition of chart scale?

4. If two charts are the same size, the one with the _ seafe’

will cover & larger area than the one with & _ __ gesle.

5. Navigators and pilots of what types of airéraft use JN charts?

6. Match the scales of the following charts:
a. JN , 1. 171,000,000
b. ONC . 2, 1/500,000
¢ Sectional * 3. 1/2,000,000
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7.”Where can the date bafourd when a chart becomes obsolete?

8. There are various methods that show ten‘a!n elevation on aeronautical
charts. Name two,

9, Wimt is the difference between a prohibited, a restricted, and an alert area?

10, How are prohl’lfited, restricted, and alert argas depicted on fhe charts? N
i1. The basic*method of light plane navigation is ’ . "

%

12. What are the four parts of the AIM? How often is each part revised
; and reissued?

*.* 13, What is an Oil Bumner Rt‘mte‘.’ ) _
14, True dr False, A flight plan must be filed on all VFR flights. .

15. True or False, Everything on a chart is shown in direct proportlon to
its real size.

16. On a VFR flight heading west, your flight altitude_should be’ .

a. 5,000 ft ) < . ,

b. 5,500 ft ° C e ! .

c. 6,000 ft . .

. d. 6,500 ft T .

17. On your hypothetical flight to Talladega Airport, you closed your clear-
ance with & telephone call to the Anniston FSS. How did you know that
Anniston was the tight FSS? Where did you get the telephone number?

18. What should you do if you find yol.trself lost and your one and o‘nly
engine is beginning to run rough? . \

-, . . . -

. - THINGS TO DO C L

o,
, ¢ 1, Collect an cxample of different scale charts and study the different fea-
tures that are emphasized. Make a report on your observations of all
the differences of the charts that would affect pilotage navigation.

. " 2. Take.a sectional chart and answer the following questions. '
a. True or False! Airports that are closed are not shown on the chart.
b. Inte(l;pret the following data showi l\gxt to the Talladega airport - 526
L 6
' . If an airport symbol has a lmle star on it, what does it have?
* d. How is an abandoned airport symbohzed?
. == ¢, On your flight, you flew over Wetumpka Airport. How long is its
longcst runway? . .
f. How '1s an obstruction below 1,000 feet above ground fevel depicted?
8- How is a water acrodrome with no facilities depicted?

Set up two teams and have the instructor ask questions about different
features on a chart The team answenng the most correct wins the competi-
tlon ? )

3. Obtain an AIM and stud;' all the data tha}t it gives.

ERIC' .

Aruitoxt provided by Eic:
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4, The FAA VFR Pilot Exam-O-Grams are distributed free to individuals.

Write to the FAA and obtain a set for your unit. Also have he unit

.- but on the list for future Exam-O-Grams. Make a report to the class
7" on what Exam-O-Grams are and how they are used. -

S. Preplan a pilotage flight on a sectional chart between any two aerodromes.
If possible, fly the route that you have planned. If you can’t fly it,
pretend that you are 26 minutes from your departure point and your
engine quits. Where do you go? - .

-

*  SUGGESTIONS FOR FURTHER READING

US Air Fotce AFM 51-40, Air Navigation, Vol.
Department of the Air Force, 1968,
Federal Aviation Admlmstrauox\, “VFR Pilot Exam OGrams," Washington',
: Departmént of Tfansportatxon
Fﬁght Services Division, Alrman's Injormanon Manual (AIM), Washmgton,

1, Washington, DC:

A\
» DC: Federal Aviation Administration.
«J.YON, THoBURN C,, Pracn;al Air Navigation, Denver, Colorado J‘ppwon.
. 72, )
SANDERSON, Aviation Fundamentals, Denver, Colorado. Sandersom, 1972.
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Navigation-Eléments

-...,,,_.\..,..,.,,.,m‘n et e v e e o o Pu———

THIS CHAPTER explains the nq,vlgaﬁon meihodl f o;;prqssing'
position, direction, distance, and time. Each of these four .
basic elements of navigation™ are -explained jand warious
methods of their determination are discussed. Atter studying
this chapter, you should be able to; (1) understand the dif-
ferences between great circles and small circles; @) plot
posifions through the use of latifude and longitude; (3) under-y

. stand. the basic méasures of distance and speed; (4) under-

.,sfand the elements of direction; and (5) upply Greonwich
Medn 'ﬂme cmd zone-time com:cpts. .

A

»

e

IN CHAPTER 1, we identified the four basxc “elements of navi-
gation. posmon, direction, dlstance, and time. In chapters 1 and
2, we applied these four elements in our two trips, one driving
and one flymg For short flying missions using only pilotage, our
method of using these elements might be satisfactory. However,
as you increase distance, altitude, and speed and include such
factors as weather and heavy fraffic, terms like northeast for
direction or 10 miles south for position are not adequate. Here,
we study in depth the basic clements of navigation. This will
enable you to use more sophxstxcated methods of navnganon

3
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AIR NAVIGATI
E‘!:TH’S SIZE AND\GHAPE

Fot most navigational purposes, the earth is assumed tQ be a
pdjfect sphere, although, in reality, it is not. Measured at the
.cquator, the carth is approximately 7,931.5 miles. in diameter,
.and the diameter through the poles is approximately 7,904.6
miles, This difference of 27 miles does not prevent us from ds- 1%
suming the earth to be spherical for navigation purposes. Thigs 4,
., assumption has proven to be practical since, for centuries, nayi- -4
©  gators on the water or in the air have reached their destiﬁ'ﬁiogs'%
* based on it. , A

Great Circles and Small Circles. A great circle is deﬁneﬂ as a cifele
on the surface of a sphere whose center and radius aré those of the
sphere itself. It is the largest circle that can be drawn on the sphere.
Figure 13 shows some great circles. The equator is an example of a
great ‘ciréle. Meridians discussed later are great circles.

For the navigator, the single most important aspect of great
circles is that the arc, or piece of the circle, is the shortest dis- ‘
tance between two points on a sphere. It is just as a straight line
is the shortest distance betweefi two points on a plane. )

Circles on the surface of the sphere other than great circles
are defined as small circles. All latitudes, with thé exception of '

" the equator, are small tircles. ‘

POSITION
The nature of a sphere is such that any point on it is exactly |
like any other point. In order. that points may be located on the

TN
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earth, lines of reference are necessary. In your two navigation
problems, you described your estinations, Ft. Walton Beach and
Talladega, as so many miles in-a, certain dlrecuon from Maxwell
AFB. .

This type of posmon description, however, does not lend itself
readily to navigation. It would be difficult to locate a point pre-
cisely inythe middle of the Pacific Ocean, since there isn’t any
nearby known geographic feature to use for reference. For that
matter, when referring to something as being 10 miles from New
York City, from where do you start measuring? This method of
describing position is not precise enough for air navigatiom

A system using imaginary reference lines has been developed .

to locate posmons on the earth. These lines are known as parallels
of latitude and meridians of longitude. The numbers representing
a position in terms of latitude and longitude are known_as the
coordinates of that position.

Latitude.—The equator is a great circle midway between the
poles, and its plane is perpendicular to a,line connecting the poles.
Parallel with the equator are lines of latitude. Each of thest par-
allel lines is a small circle, and they have a .definitive location.

The location of the latitude is determined by figuring the angle at"

the center of the earth between the latitude and the equator.
In Figure 14, this angle is 45°. Thereford, this would be the 45°
parallel of latitude. - .

The equator is latitude 0°, and the poles are located at 90°
latitude. Since there are two latitudes with the same number
{two 45° latitudes, two 30°, etc), the letter designators N and S
are used to show which latitude is meant. The North Pole is
90°N and the South Pole 90°S. Thus, the area between:the
poles and the equator are known as the Northern and Southem
Hemispheres. °

Longltude.-—Wc have seen’ how the north-south measurement
of position is figured. With only this information, however, it is
still not possible to locate a point. This difficulty is resolved by
use of longitude, which indicates east-west location.

¢

There is no natural starting point for numbering longitude. -

Therefore, the solytion has been to select an arbitrary starting
point. A, great many places have been used. When the English
speaking .people began to make charts, they chose the meridian
through their principal observatory in Greenwich, England, as the
zero degree line, and this line has now been adopted by most other
countries of the world. The Greenwich Meridian is sometimes
called the first or prime meridian, though, actually, it is the zero
meridian. Longitude is counted east and west from this meridian
N ‘ .
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through 180 degrees, as shown in Figure 15, Thus, the Green-
wich Meridian is the 0 degree longitude on one side of the earth,
and, after crossing the poles, it becomes the 180th meridian (180
degrees east or west of the O-degree meridian). Thergfore, we
have all longitudes designated either east or west, e.g., 140°E or
90°W, and these desnglanons define the Eastern and Westem
Hemisphem.

Finding the Place.—If a globe has the circles of latltude and
longitude drawn upon it according .to the principles described and
if the latitude and longitude of a.certain place have been determined,
a given point can be located on the globe in its proper position (Flg

16).

Latitude is expressed in degrees up to 90, and longitude is ex- .
pressed in degrees up to 180. A degree (°) of arc may be sub-

. KRN N . . v " - o, . t : B
. . A , Y, oL . P . R
N PO '“, N N - . foa T . \ no . . L R
e . - o~ . . ' ;
B C NORTH. . ., -
. ~+  POLE : S .
P Y N . » v . ’

'~7‘1.

Figure 14, Latitude is the Angle at the Center of the E«;ﬂh Betwesn the Equator and
the Latitude.
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Figure 15.'longiiudo is Measured East and West of the Greenwich Meriidan.

divided into smaller units by dividing each degree into 60 min-
utes () of arc. Each minute may be further subdivided into 60
seconds (") of arc. ' ‘ .

A position on the surface of the earth is expressed’in terms
of latitude and longitude. Latitude is expressed as being either
north or south of the equator, and longitude as either eas
or west of the prinie meridian.  ®- .
? o .

.
¢
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Y

Figure 14. Latitude is Measured from the Equator; Longitude from the Prime Merldion.
Together they describe a point on the globe. .
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On your flight in Chapter 2, you started from Maxwell AFB.
." . Let’s. suppose that’ you were looking at a large -chart and 'had no
* idea where Maxwell is located. All you néeded to know was the '
_ coordinates , of Maxwell, which are 32°23'N 86°22'Wg and you
.could locate it easﬂy Every pomt on earth can be locat through
this system.
Smaller areas can be located by,.,gomg beyond degre,es and min-
ufes and using seconds.
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. DISTANCE '
P - ,
DJstance, as prewously defmed, is measured by the length of
a line e% 1mng two pomts In navigation, the most common unit
for measuring, distances is the nautical mile. The nautital mile 1s
) about 6,076 ft (semetlmes rounded fo 6,080 ff). It is also eq
to one minute o£ arc on a mendtan, which is ore minute of laL__P
itude.”~ %}
To convert nautlcal miles into statute miles, the statute mile
figure can be multiplied by the factor 1.15. For example, 10 nau-
tical mﬂm equal 11.5 statute miles. To convert nautical miles to
_ statute miles, yoi can miultiply the nautical miles by .87. For ex-
ample, 1Q statute miles equal 8 7 nautical miles. A measure of
distance used in Europe ahd now being cons1dered for usé in the
United States is the kilometer, or 1,000 meters A kllometer equals-
approximately 0.621 of a statute mile or about .54 of a nautical
mile. Appendix B of this_book explains a s1mpler method to ‘make
* altof these conyersions, o
Closely related to the

cept of distance is speed, whlch de-
of position. Speed is usually expressed
cing either statute miles per hour or nau-
t, If the mgasure of . distance is nautical miles, "
“to, speak of ‘speed in lerms of knots. “Thus, a

¢ tlung It is ircorreét to say 200 knots per, hour,
On your trip in Chapter 2, you flew 120 mph. For- naviga-

tional purposes, this would convert'to- 104 knots. From now on,

we use nautncal mlles (nm) for dnstanee and knots (k) for speed.

[y

e .
'DIRECT ION

° [ . .
Direction is the position of one point in spaCc relative to an-
other without refefence to the distance between them. The use

of points of the compass specifying direction (notth north-north-
west, northwest, we‘st-northwest west, etc) is not adequate “for

L. oo
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modern nav:gatxcfn It has been replaced for most purposes, by a
numerical system.

The numericdl system (Fig 17) divides the honzon into 360°
starting with north as 000° and continuing clockwise through
(090°), south! (180°), west (270°), and back to north.

This circle, called a compass rose, represents the horizon di-
vided into 360°. In Figure 17, position B lies at a true dxref/
tion of 062° from A and position C lies at a true direction of
295° from A,

Since determination of direction is one of the most important
parts of the navigator’s work, the various terms involved should
be clearly understood.

Course is intended herizontal direction of travel

Heading is the horizontal direction in’ which an aircraft is
pointed. Heading is the actual orientation of the longitudinal axis
_ of the aircraft at any instant, while course is the direction intended
" to be made good.

Track is the,actual honzontal direction traveled by the aircraft
over the earth.

Flguro 17. Numoricol System Used ‘for Direction. Point 8 fies at & trve direction of
062° from A, and position C l{oi Q true direction of 295° from A,

35
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If we plot a “course from New York to London, we see some-
thing interesting (Fig 18). The ditection of the great circle makes
an angle of about 50° with the meridian of New York, about 90°
with the meridian of Toeland, and a still greater anglé with the
meridian of London. In othér words, the direction of the great
circle is constantly changing as progress is made along ihe route,
and it is different at every point along the great circle. Flying
such a route requires constant change of direction and would be |
difficult to fly under ordinary conditions. Still, it is the most dey
sirable rc:‘ute, since 1t is the shortest distance betwecn any two

pomts 4 2 . - . ~

r

A lipe that makes the same angle with each meridian is called
a rhumb line. An aircraft holding a constant true heading w‘b‘uld ’
be flying a rhumb line. Flying this sort of path results in a greater

distance traveled, but it is easier to steer. Between two points on )

the earth the great' circle is shorter than the rhumb line, but the*
difference i 1s neghngle for short dnstances (except in hlgh latitudes).
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( TIME

The carth makes a complete rotation of 360° during a 24
hour day The Equator could, therefore, be divided into 24 hourg

as well as 360°. One hour represents 15° of longitude. Longitude,

as we have seen, is expressed in degrees, minutes, and seconds.
It is also pos51ble to express longr.tude in hours, minutes, and sec-
onds of time. For example, a point at 60° longitude may. be ex-
pressed as four hours west of Greenwich.

. Zone time.—Before the establishment of zone time in 1883,

every clty and town had its own time, As you may, well imagine,
this situation caused much confusion. Once time’ zones were es~
?abhshed there was less confusion.

"Each time zone is 15° of Iongxtude (one hour of angular. meas-

ure) in width, and the first zone centers on the prime meridian.
However, 'irregularities have crept into the system because some
towns have decided to keep the time of some large city farther

west or cast. Further confusion entered the picture when “Day- .
light Saving Time” was’ introduced. Thxs set the clocks in the af- .

fected area one hour ahead. ¢

In Figure 19, you can see that the United States,has four stdhd-

- ard time zones. The time in any given zone is one hour, earlier

than in an adjacent eastern zone and one hour later than in an
adjacent western zone.
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' Figure 19. Standard Time Zones in the United States.
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AIR NAVIGATION

Pilots sometimes become confused in reporting their estimated
time of arrival (ETA) because they cannot remember whether they
must add or subtract an hour. Most pilots use one of two methods
to give the correct time. First, some pilots give their ETA accord-
ing to the time that their watch indicates. If their watch is set to
central standard time (CST), then they specify CST when giving
their ETA to the tower. For example, a pilot’s ETA is radioed
in as 1630 central standard time. The tower personnel then know
*at what time the pilot expetts to arrive. They can determine the
correction necessary for their specific zone. .

Greenwich Mean Time.—The use of Greenwich Mean Time
avoids the necessity of considering time zones. Greenwich Mean
Time (GMT) is the time of day at any given moment at Green-
witch, England. If GMT is employed and a pilot requests clari-
fication, he will be given the local standard time. For example,
you request clarification of the time and receive the following:
1745 Greenwich, 1245 Eastern. Greenwich time is often noted
on communications and teletype reports as Z. It is therefore often
called “Zulu” time, in accordancc with thc mtcrnatxonal phonetic
alphabet. -

The following table should be hiepful in convcrtmg from stand-
ard time to Greenwich Mean Time.

To Convert From: To Greenwich Mean Time
Eastern . Standard ) Add 5 hours

Central Standard . Add 6 hours
_ Mountain Standard Add 7 hours

Pacific Standard Add 8 hours

'Daylight Saving Timie is usually never used for ;cmatxon pur-
poses. To convert from GMT during Ddylight Saving Time, add
one hour to th& tabulated values shown above for GMT.

WORDS AND PHRASES TO REMEMBER

great circle ' nautical mile (nm)

small circle knots (k)

coordinates -t compass rose

latitude . course

Northern Hemisphere heading

Southern Hemisphere track

longitude rhumb line

Greenwich Meridian ‘ zone time . ;
prime meridian ETA

Eastern Hemisphere GMT,

Western Hemispherc

o



Y~ . L e - P R
- e
.

TN . NAVIGATION ELEMENTS )
L o Q‘UEsnous
NOTE: In the true/ftlsc qusﬁons, if false, tell why.
1. True or False. The earth is a perfect sphere. | 2
2.,If a circle is drawn aroomd the surface of the earth and lts center and
* radins are the same as the earth’s, ft isa ___ circle. Name

. twg examples of this kind of circle.
3. True orhl'l‘;lse The shortest distance between two polnts ‘on carth is a

> straight .
~ 4, True or False. All latitudes are small circles, :
5. Match the following: ¢
a 0° latitude . a. prime meridian
b.' 90°N o b. South Pale
- 90°S ? - ¢. North Pole
d. 0°E/W. . d. Equator ~ . .
.- 6. What are the coordinates of your tovm" ’ X , !
~ F\Convert the following:
Nautical Miles " Statute Miles Kilometers -
L7 10, ' - — .
.‘;l’ N , ,‘“,. 07. o 100 ' -
#'_.____ o — 100
. 81' Couvert the following fo degrees on & compass rose: i ‘
North__e___ Southust West_'
Northeast South_ ' Northwest ',
;Basf Southwest .
9; If you intend to fly due east or 090, this is your ' '
; To fly 090, the aircraft actually points toward 095 due to various cor-
rections. This is your + To get to your destination,

. the pnth ‘that you flew over-the ground is the i

I/ True or False. An aircraft holding a constant true heading would fly a
great dircle, ;

b

11, A point with coordinates 36°N 75°W Is . " hours
west of the prime meriidan, : ' !
12, Convert the following: ) ) .
Local Standard .z : N
, ' Central 1200,'
\ Essten 1600 - .
\\‘v N
' Pacific 0001 1 Japtiary 1975
. \ . '\ Date

.
N . * [
v

2100 Mountain,31 Dec. 1975 } .
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1 Obtain a globe and plot the gencral coordmates of the following:

New York City _ Bangkok, Thailand
London, England . Peking, .China

Rome, Italy . »Honolulu, Hawaii
Moscow, Russia Los Angelcs. California
Plot areas on a map of the ‘world that are prominent in the news.

‘2 Working ‘with a globe, place a string. betwecn two points and demonstratc

tfcly the class the difference between rhumb line and great cu'clc routc
ying.

3, As you drive down the road practice, mentally convcrtmg posted spwds
_ and nulcage ,mto kilometers and nauucal rmles

F3

4. Using Appcndlx A to this text as a gulde, measure the direction that

you would have to fly. to’ get from various point®™such as:

a. Your town to Miami, Florida

. b, Washington, DC, to Los Angeles )

c. From the Pacific side of the Panama Canal to the Atlantic side.
d. Los Angeles, Califoinia, to Reno, Nevada '

s
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" THIS CHAPTER Inhoducu you o tho diffouncn ln chort pro-
jections, their use, and their limiations. When you have
"studied this chapter, you should be able to: (1) explain how
the differant projections are developed, (2) understand the
differences between azimuthal, cylindrical, and conic proje- -
tions, (3) know the difference betweeh gnomonic and stereo-
grophic projections, (4) understand the different uses of the
Larnbert ‘Conformal, Mombr and Gnomonk :bam. )

Y W ..,_:.A..»w.’:.wa, e &A&m\.wwuv. B R S L S R

1

“hen thc ancient mariners ﬁrst vcntured from their shores
into the vast unknown sea, their charts were amazmgly
simple. These brave men made the assumption that the world is
flat, and, when you disappeared over the horizon, you disap-

' peared, Since they rarcly ventured out of sight of the coast,

they had no need for a coordinate system. There was no need to
worry about whether the shape of that island was exact or not.
There was no need for precise navigation.

Before you complete this chapter, you may long for “the good
ole days." The idea of a spherical earth confronted early cartog-
raphers dr mapmakers with the problcm of portraying thc carth's
spherical surface-on a flat chart.

Hipparchus (160-125 BC), the mvcntor of: tngonomctry,

ongmatod the basic azimuthal pl'O]CCtlonS'*“thc orthographxc and




AIR NAVIGATION

the stereographic—which are in use to this day. From the time
of Hipparchus to the present jet age, there have been advance-
ments in devising new map projections. At last count, there were
over 250 different projections available. Each of these has special
~ characteristics to serve a particular purpose.
' - . :
. THE PROBLEM -

. In the last chapter, we learned that the earth’s surface is di-
wvided into a system of imaginary lines of parallels and meridians
called latitude and longitude. This system is called a graticule,

The problem in trying to represent the earth’s graticule and
surface features on the flat surface of a chart is that the earth, °*

A a globe, or any sphcncal surface is undevelopable. An unde-
velopable surface is one that ‘cannot be flattened. No matter how
many times an undevelqpablc surface is cyt or split, it cannot be
completely flattened. Just as an orange cannot be flattened with-
out tearing and distorting the peel, any attempt to represent even
a small portion of the earth’s surface on a flat plape results in dis-
tortion (Fig 20). .

A developable surface is any three-dimensional geometric figure, *~  °*
such as a hollow cone or cylinder, which may be cut and laid flat
_without dxstortmg any features on its surface (Fig 21).

A projection ig the method of transferring the earth’s graticule
and surface features onto a plade or ontdv the developable sur-
face of a cone or cylinder. In practice, this is done mathemati-
cally, but it can be explained more satisfactorily through geo-
metrjc projection. A light within a hollow plastic model of the
earth which projects the gratxcule and surface features ‘onto a
plane or developable surface xs an example of a geomeBic pro-
jecnon (Fig 22). .




¢

" Flgure 22. A Projection.
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Distortion of direction, distortion of the relative size f areas,
and distortion of the shape of areas on the earth is the direct re- ~—
sult of projecting the earth’s grancule onto a flat or develop-
able surface. Even a small portion of the surface of a sphere,
globe, or the earth is undevelopable, since it will not lie com-
pletely flat. Different types of projections produce different types
of distortion on charts.

Distortion of size may be seen on many maps. For example,

Greenland is sometimes shown as . .

covering more area than India. . . ... . - | .
Since India is actually larger -, "o .m0
than Greenland, the relative size  * . " s N 7

of the chart areas is distorted
through these projections. When
a chart misrepresents the Sfate
of Texas-as a long thin area,
the shape of the state is dis-
torted even if its relative sizg is
truly represented. Parallels and
meridians should intersect on
charts at right angles or 90°, ',
as they do on ¢ istortion.
of direction on chart projections
occurs when latitude and longi- :
.tudc do not intersect correctly Figure 23. Direction Distortion.
(Fig 23).

1

NN A, U SV
B

N

PROJECTION CLASSIFICATION

Projections are classified accordmg to three considerations: type
of surface, point of tangency, and point of projection. The name of
a projection depends, in part, on geometric figures onto which the
surface of a model of the earth is projected. These figures include
a plane, a cone, and a cylinder. Remember the name } the chart
used on your flight to Talladega? It was a Lambert{(Confermal
Conic Projection.

The second consideration for pro;cctton classification is the
point of tangency. A plane can touch or be tangent to the earth
at only one point. The location of the point of tangency is also
reflected in the name of the projection. For example, a polar
projection is tangent at one of the poles (Fig 24). a

A cylinder is tangent to a model of the earth alor& a complete
great circle. When this circle is the equator, it is called a parallel
of tangency or a standard parallel. The cone is also tangent at a
parallel (Fig 25). . -

Bl
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Figura 25. Conic and Cylindrical Projections Showing the Porollel of Tangency.
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The third projection classification is concerned with the point of
projection. Earlier in Figure 22, we showed how some projec-
tions are made by assuming a light to be in the center of the earth
and by projecting the surface of the earth onto a flat surface.
This type of projection is called a gnomonic. The point of pro-
jection is the origin of the rays that project a graticule onto a
geometric figure. Most conic and cylindrical projections have their
point of projection at the center of the earth and are gnomonic
projections. The other origin point of the projection rays is a
point on the surface of the earth opposite the point of tangency.
g’éx)is type of projection is called a stereographic projection (Fig'

A
.

1

CHART PROJE("JTXON CHARACTERISTICS

Many characteristics desirable in a chart. The ideal chart
projection would portray e features of the earth in their true
relationship to each othef:/ directions would be true; distance
would be true, and dist would be represented, at a constant N

scale over the entire chart.
Such a relationship can only be represented on a globe. On a
. flat chart, it is impossible to preserve constant scale 4nd fie
direction for all directions at all points. Also, relative size and shape

g o a

S a7 ] point of N
Tyt . - | Projection: C
P;)la'r Gnomonic: - Polar Stergqographic
" certer of the carth o surface of the earth
N ] N .«

s

Figure 26, Two pelar Projections with Different Points of Projection.
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Figure 57. A Gnomonic Chart show'i'ng he inherent distortion.

-~

of the geographic features cannot be accurately portrayed ‘through- ~
out the chart.
* Gnomonic charts are planmng charts. The gratlculc in ‘a gno-
monic projection (Fig 27) is so greatly distorted that it is not used
for navigation exeept in plannjng the Great Circle course. It is’
. used Only for great circle planning because the Great Circle course . .
,  appéars as a straight line on the gnomonic projection (Flg 28).

The polar stereographic projection with its point of projection
located at the opposite pole causes mcrc,aSmg distortion as you ,
move to the -outer edges of the prdjection (Fig 29). Polar
stereographic charts may. be* used fot navrgatron only within 30"

- . of the pole that'is the point of tangency. -
Of the many' projection characteristics that are. desu‘abie for
charts, the mest important for air navrgatron chants is conformality.
Even though' conformal charts havé some uqdesrrable characteris-

K tics, the disadvantages of this. type of projection are far out-
werghed by tlrc.advan‘tgges. . . . o S
. - . . ‘e v - L ? .
L . BRI # B '
o o ‘3.“1' . L S
. . o ‘I N .
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x | POLARGNOMONIC | "OBLIOUE GNOMONIC _|

1

Figure 28. Great Circle Routes u3pour as straight lines on Gnomonic Profections.

- - A
A conformal chart shows ail angles as\hcy actually appear on’
earth. The graticule of a conformal chart shows parallels and
meridians intersecting at 90° angles just as they do on earth.
As a result of angles being adcurately reproduced, the directions
and true shapgs of areas are shown on any conforjnal chart. This
occurs even though the relative size of areas may be distorted.

If we look down on a globe, we see that the meridians con-
verge at the poles. Meridians on the earth are not parallel lines.
Therefore, as the latitude increases on the earth’s surface, the dis-
tance between parallels remains the same, but dhe distance be-
tween meridians decreases. .

The equatorial Mercator is a projection onto a cylinder that is
tangent to the parallel of tangency along the equator. Ifs point of .
projection is found at the earth’s center. .

The Mercator, as it is normally identified, % a conformal chart,
with parallels appearing as straight parallel lines. Since it is con-
\formal, the meridians must cross the parallels at 90° angles. To do
this, the meridians are projected as straight parallel lines that do
not converge toward the poles as they do on earth. The spaces
between the meridians have been stretched east and “west to
change them from converging to parallel lines (Fig 30).

. If the spaces between the meridians are stretched east and west,’
then the spaces between the parallels must be stretched north
and south to keep the proportion or conformality (Fig 31).

IToxt Provided by ERI
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In Figure 32, note that the distance between parallels in both
diagrams are increasingly farther apart as the distance from the
Equator increases.

In projecting the earth’s graticule and surface features onto any
chdrt, some distortion always occurs. The parallel (or point) of
tangency is the only area of a chart without distortion. Distor-
tion of features becomes greater as you move away from the
parallel of tangency. For this reason, the Mercator is used only
for navigation within 60° above and below the Equator.

Scale is correct only at the Equator. Since the distance between
parallels expands as the altitude increases, the scale that we use
for measuring distance in nautical miles /also expands. When we
measure distance on the M?'cator, we n{ust always use the scale

Usable area within 30degrees
of the ‘’pole (point of tangency).’’

Figure 29. Polar Stersographic Projection.

0. 56 °
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Figure 30: Meridions ore stretched Eost ond West on o Mercotor Projection.
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Figure 31 Since Meridions ore stretched on o ?dorcotor Projection, Porollels must olso
be st *
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Figure 32. The Mercator Projection showing how the distance between parcllels
expand the further away. you move from the point of tangency.

at that specific latitude. To measure distances between two posi-
tions at different latitudes, we use the scale at the m1d latxtude
along the course.

The Mercator projection distorts the true appearance of a
rhumb line and a great circle. On the Mercator chart, a rhumb
line appears as a straight line, but a great circle appears as a
curved line (Fig 33). This is directly opposite from what is true

_on a globe or the earth. The only great circle courses that appear

straight on a Mercator chart are those drawn along the Equator
or a meridian.

Thus far, we have looked at charts that are based on azimuthal
projections (gnomonic and stercographxc) and cylindrical projec-
tions (Mercator). Another type of projection is the conic projection.

Most conic projections have their point of projection at the
carth’s center. A simple conic projection is tangent along some
parallel of latitude between the Equator and a pole. Where the
équatorial Mercator is tangent to a parallel that is a great circle,
the conic projection is tangent to a parallel that is a small circle.
This line where the cone touches the carth is called the parallel
of tangency (Fig 34). Another name for the parailel of tangcncy
is standard parallel.

51
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Figure 33. Mercator, Profections show Rhumb lines as straight lines and Great Circles
as curved lines. .

{

. AR ‘ " PARALLEL OF
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Figure 34. Conic Projection showing the Point of Prc;]cdlon and Parallel of Tangency.
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Figure 35, A Secant Cone cuts the Earth af two points making two Standard Parallels.

A cone that cuts through the earth’s surface at two parallels
is called a secant come. Therefore, we have two points where
the cone contacts the earth giving two standard parallels (Fig 35).

The chart used most in navigation is projected onto a secant
cone. It is called the Lambert Conformal Chart. We used this
type of projection on your flight to Talladega, and we saw that
the Atlanta sectional had the standard parallels 33°20" and
38°40".

Since angles on the earth's surface are correctly shown on any
conformal ,chart, parallels and meridians on the Lambert Con-
formal’s graticule intersect .at 90°. To do this, the Lambert Con-
formal's graticule shows meridians' converging and parallels as
arcs of parallel circles (Fig 36),

Distortion on the Lambert Conformal constantly increases be:
yond its two stafdard parallels. Ordinarily, there is very little dis-




-

, . AIR NAVIGATION' )
tortion befween the standard @ .. . ror
parallels. However, the larger the L
distance between these standard
parallels, the more the distor-
tion. In any case, the Lambert
Conformal should be used for
navigation between its standard
parallels. A gnomonic should not
be used for actual navigation.
A great circle course dppears
as a straight line only on a gno-
monic projection. The Great
Circle route is a curved line on a
Mercator chart'and approximates

a straight line on a Lambert  Figure 36, Lambert Conformal Graticule.
Conformal. A rhumb line is a All angles are 90°

" straight line on a Mercator and a »

curved line on a Lambert Conformal projection.

When measuring the direction of a line, we use a meridian
as a reference line (See Appendix A). Direction is measured clock-
wise from the meridian. Since all meridians are parallel straight
lines on a Mercator, we can measure the direction of a rhumb
line using any meridian as a reference. To measure this line on
a Lambert Conformal, we must use the mid-meridian because the
line will have different directions when measured at different meri-
dians, This is necessary because meridians converge toward the
poles (Fig 37).

The Lambert Conformal has a nearly constant scale. When
measuring distarice on the Lambert, we can use the scale at any
Jatitude between the two standard parallels. On & Mercator, the
distance must be measured using the scale of the mid-latitude
because the scale expands. . -

We have discussed only.a few of the many chart projections.

At the present time, the Lambert Conformal is used more than
other charts. . -

WORDS AND PHRASES TO REMEMBER

graticule ) stereographic projection
undevelopable surface Gnomonic charts
developable surface polar stereographic cha
projection ‘- conforinal “chart '
point of tangency \ Mercator chart
standard parallel parallel "of tangency
point of projection secant cone

gnomonic projection | Lambert Conformal Chari
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Figure 37 A s"rmght line course on a Lambert Conformal storts aut at opproximately
060 dcgrus. onds up aproximately 120 degrees. The averoge direction ;5 090 degrees.
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v L Match the following on a plece of paper:

. o R graticule . 1. orange peel
R b. undevelopable surface . L . cylinder
. t. developable surhcq .' o, 3. transfer of graticule

d. projection 4. parallels and meridians

2 Explain wlut the basic problem is in displaying the earth on charts,
~ .3. What are the thiree types of . dlstortlon found on charts? )

4. What ‘ldnd of distortion is cauud When the meridlans and parallels do
not cross at 90° angles? \ .-

5. What are the three consldentions for cl'asiﬂcation of projectlons”
' _6 What aré the three basic geom'etric ﬁgures used in chart projection?

. * 7. Name three points of tangency for H plane.

~ o

9. What is the difference belween a gnomonic and a stereogrnphic projec-
. tion?

10. Whit would be the chnncteristics of an ideal chart? Are they posslbl‘e?
11, A‘e griomonic charts used for navigation? Why?_

12. A z}gt circle Is a (straight.’curved‘) line on a gnonionic projection.

-
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13, Polar stereographic charts may be ‘used for navigation only within
. degrees of the point of tangepcy. .
a 10 , , 0
b. 20 '
¢ 30 :
-d. 60 s C .

4. What is the most hnporhnt characteristic for air navigation charts?
" 15. Name the‘adnntages of a conformal chart,
16. Name two types of conformal charts,
17. Where is the area on a chart with the least distortion?

18. The Mercator chart is used for nl"i&lﬁon between two points that are:
2. 60°E to 60°W .
..b. 60°N to 60°S
c. 90°N to 90°S
-d, 0°E/W to 180°E/W

19. Distortion (increases.’decreases) as you move away fro? the point of
IS hngeucy. »

20. How do we measure dlstmce on a Mercator?

21, On a Mercator, the rhumb line is (curved,’straight)" and the great circle
* is (curved/straight). Are there exceptions?

22, Name an example of an azimuthal, cylindr!u}, and conic projection.
- 23, 'l'he point of projection for éonlc projIections is usually where?

24, Tme or False. The point of tangency for a conic projection is a great
circle.

25, What is.a secant cone? ) . . '*,
26. Which cHiart is most used for alr navigation? .

27, Lambert Conformal Charts have how many points of tangency? What
are they called? Why are they important?

28. True or False. A great clrcle is a straight line on a Lambert Conformal
Chart.

29. We nomully use a (meﬂdhn/panlle'l) to measure a dirvection.
30. How do we measure direction on a Mercator? A Lambert Conformal?
31, How do we measure distance on a Lambert Conformal?

s

THINGS TO DO

.1. Use two different types of projections, preferably a Lambert Conformal
and a Mercator, and measure the frue course and distance between two
points at least 1,000 miles apart.’ Describe the differences of distance,
difficulties in mcasurmg course and distance, and the distance between

- the courses at the point of greatest separation.
I U ‘ :
o i /.- r 56 (

O . R

63




“IF IT WERE ONLY FLAT”

2. Collect examples of as many different kinds of chart projections as you
can find. Point out their uses and disadvantages. Give a short explanation
* of how they were developed.

3. Buckminister Fuller developed a projection that is claimed to be without
distortion. It is called 2 Dymaxion. Conduct research on this projection
and feport on it. Include in your report the reason why this apparently
amazx‘ng work has not received much attention.

»

SUGGESTIONS FOR FURTHER READINGS

US Air Force AFM 51-40, Air Navigation, Vol 1, Washington, DC:
Department of the Air Force, 1968.

KErsHNER, WiLLiaM K. The Student Pilors Flight Manual, Ames, Yowa.
Towa State University Press, 1972. . :

LyoN, THOBURN C. Practical Air Navigation, Denver, Colorado. Jeppeson,
1972. ’

SANDERSON, Aviation Fundamentals, Denver, Colorado. Sanderson, 1972.
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Navigation Instruments

_IN THIS CHAPTER, the baslic instruments necessary for ele-
mentary navigation are discussed. Also discussed are various
altitudes and headings. After studying this chapter, you should
be able fo: (1) understand the uses. of the basic navigation
instruments, (2) explain how five fypes of altitude differ, (3).
understand headings used In Air Navigation, and (4) explain
the difference between q maqneﬁc compass and a gyro-

; ‘compdu L o ‘

- 4".
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N USING the four elements of navigation—-position, time, direction,
and distance—for your flight to Talladega in Chapter 2, we
used certain instruments that are basic to all navigation. One of the
primaty instruments is the clock. To insure that you made good
your planned airspeed, you used the airspeed indicator. You
climbed to 5,500 feet and changed altitudes several times. qfo do
this, you used the altimeter. On your flight, you talked of direc-
tion only in very broad terms. Anyone who has flown knows
that, in reality, you should have figured compass headings for
each part of your flight. To follow these headings, you use the

’
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AIR NAVIGATION

aircraft compass. This illustrates the use of the four basic navi-
gation instruments: (1) a clock, (2) airspeed indicator, (3) altim-
eter, and (4) compass (Fig 38).

Instruments mechanically measure physical quantities or prop-
erties with varying degrees of accuracy. Most of the pilot/naviga-
tor’s work consists of figuring corrections to the indications of vari-
ous instruments and applying the results to find the four elements’
of the navigation, problem.

." The instruments that we discuss in this chapter are the absolute
minimum necessary for flying today. As we shall see later, there
are many more sophisticated navigation instruments. Also, the
FAA has now recommended that all private pilots be taught to
perform each flight maneuver with both visual references out-
side of the aircraft and by reference to instruments only. Although
this instruction is not compulsory, it is required that private pilots
be able to control aircraft attitude by instruments alone. This re-
quirement adds the attitude or turn-and-bank indicator to the list
of basic instruments for navigation. Flying by instruments in this
manner is called flying “needle, ball, and airspeed.” Attitude in-
dicators are covered in Theory of Aircraft Flight. -

J
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NAVIGATION INSTRUMENTS
THE CLOCK

The clock is the simplest instrument and one of the most im-
portant instruments for navigation. The estimated time of arrival
(ETA)N s frequently updated. On your flight in Chapter 2, we
referred™to your flying time and compared it with the preplanned
times throughout the flight. One of the first indications of trouble
occurs when you start to miss your planned times over check-
pomts This usually means that wind shifts have occurred.

Fuel consumption is computed in time. Any changes in time
affect the amount of fuel that you will have at your destination.
If you start out with three hours of fuel on board and run into
situations that start extending your flying time (such as avoiding
weather or getting lost), you must figure your fuel very closely.

Any good timepiece is suitable for indicating elapsed time, and
it is not necessary * to .have an elaborate clock or chronometer
for SImple navigation. One technique used by some pilots to minimize
crrors in calculating elapsed flight time is to set the aircraft clock at

2 o'clock upon leaving the airport. With thl;%rrangement the pilot

,can read elapsed flight time at a glance. He fan easily o,btgn,the

correct time of day from his own wristwatch,

[

AIRSPEED INDICATOR

\
»

An airspeed indicator measures an aircraft's speed in flight
rather than its groundspeed. Airspeed_is the speed of an aircraft
with respect to the air through which it moves. Groundspeed is
the speed of an aircraft measured by the distance that an aircraft
travels over the ground in a given time. Because these two speeds
often differ, it is important that pilots do not confuse them. ‘The
airspeed indicator consists of a pitot tube, airtight diaphragm, a
linkage assembly, and a dial with a pointer (Fig 39). It measures
the difference between the increased air pressure caused by the
motion of the craft and the pressure of air contained in the case
of the airspeed indicator.

As the speed of an aircraft increases, the impact air increases
over the pitot tube and the static or undisturbed air remains the
same within the- instrument case. This differencg- in pressure
catses the dlaphragm to expand, forcing the dial that is attached
by mechanical ‘linkage to move and indicate the alrspeed upon
the face of the indicator. This jndication may appear in miles

‘per hour or knots, or both, dependmg upon the type of instru-

ment. Most indicators now read airspeed in knots.

b/ -
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Figure 39. Airspnd Indicator Component Parts.

t

The accuracy of the instrument is affected by instrument error,
installation error, and the density of the ait. Corrections can be
jmade by having the indicator checked periodically to insure its

, accuracy. )

We now.discuss three kinds of airspeed: (1) indicated air-
speed, ) callbrated axrspecd and {3) true airspeed.

Indicated airspeed (IAS) is the instrument reading taken di-
tectly from the«alrspeed indicator. It has not"been corrected for
any variation in atmospheric bressurc mstallanon error, or instru-
ment error.

Calibrated airspeed (CAS) is alrspeed that has been corrected
for installation error and possible instrument error. Since it is im-
possible to eliminate all instrument error, i
to compensate for this error. At certain spegds and altitudes, the

¢ installation and instrument errors may amount to several miles per

hour. The «greatest potential for error lies fin the low airspeed

range. Indicated airspeed and calibrated rspced are normally

. about the, same in the high altitude and cruising airspeed ranges.

To determine the calibrated, airspeed, pilots refer to the airspeed

calibration charts, which indigate errors caused by the instruments

or installation. These charts are usually placed near the airspeed

- indicator or are included within the Airplane Flight Manual or
owner's manual., ) . . *

. -

-
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Since leaks may develop in the airspeed indicator assembly, it
is important to take good care of the entire system. Dirt, dust,
ice, and snow may damage the system and render theyindicator
inoperable. Even regular aircraft vibrations may influenceme sensi-
tive mechanisa, resulting in erroneous readings. Therefore, it is

imperative that the indicator be checked periodically to assure op-

erating effectiveness.

It is often difficult to determine the actual or true airspeed
(TAS) of an aircraft. An airspeed indicator registers airspeed
based on standard sea level conditions. Standard sea level  con-
ditions exist when atmospheric pressure is 29.92 and the tempera-
ture is 15°C (55°F). As an aircraft flies to a higher altitude, the
air density decreases, creating errors in indicators of true airspeed.
. In other words, for a given indicated airspeed, true airspeed in-
‘creases with increasing altitude. : .

Pilots use several methods to find their true airspeed. The first
method, that of using a computer, is the most accurate. This
. method corrects the calibrated airspeed for temperature and air
pressure by using the airspeed correction scale on the computer.

See Appendix, B for an y{ple of this method.

The seconde finding the true airspe:ad is not as ac-
curate as the first, but it is acceptable when there is no com-
puter aboard. The simple rule is to add two percent of the in-
dicated airspeed to the indicated airspeed for each 1,000 feet of

altitude. For example, the indicated airspeed is 120 mph at an
altitude of 4,000 fect. The true airspeed would then be:

2% x 120 = 2.40
2.40°Xx 4 9.60
120 + 9.60 129.6 mph (TAS)

. o

A third method is similar to the one above. Simply add two
mph to the indicated airspced for cach 1,000 feet of altitude. If
we use the figures from the last example, we sec that this method
gives us an answer of 128 mph (TAS). Necithér of these two
answers is precisely correct, but thesc computations give quick ap-
proximations, and they are used frequently byspilots. Many mod-
ern aircraft are equippéd with true airspeed indicators that require
no corrections.

We néed TAS to determine tho. groundspeed (GS) or the speed
that we are moving over the ground. How we find GS using
TAS is explained later. * :

-
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The altimeter ures altitude, the vertical distance above a
level plane of reference, such as sea level. Because the altimgter
gives altitude “information, it is one of the most important instru-
ments in ap airplane. Most light planes use an aneroid barometer as
an altimeter. It m;?ugs' the atmospheric pressure at flight level,

AIR NAVIGATION
ALTIMETER .

that is, the weight of )the air above the craft. As previously
noted in another/ Section, air pressure (or air weight) decreases
as altitude increases. As air pressure around the altimeter's sealed
diaphragm decreases, the diaphragm expands. 4

When the airplane returns to a lower altitude and the atmos-
pheric pressure increases, the diaphragm contracts. The results of
this expansion and contraction are transmitted by levers and gears.
to indicator hands on the dial of the altimeter. The pressure alti-
tude is shown on the dial as feet above 'sea level.

There are many types of altimeters in use today. One of the
most common altimeters has a dial face graduated with numerals
from O through 9. The three pointers on the face of the aitim-
eter each represent different altitude measurements. The 100-
foot indicator makes one complete revolution for each 1,000 feet
of altitude. Each numerical reading is made in hundreds of feet,
for this pointer.

The intermediate, or second ppmter, makes one full revolution
for each 10,000 feet.of change in, altitude. This scale is then read
in thousands of feet. The third pointer reads in tens of thousands,
and one revolution represents 100,000 feet. This is illustrated in
Figure 40, where the altitude displayed is 9,570 feet. The cross- :
hatched “Low Altitude Warning Symbol™ slowly decreases as the
aircraft climbs, and it disappears as the aircraft passes through
14,000 feet. Another example of altimeters is shown in Figure 41.

With an increase in altitude, the altimeter will give readings
- that are not exactly torrect. To obtain exact readings, the indi- ¢

cated reading must be gorrected for atmospheric pressure ylem-
pera}ure, and mstrumcnt error.

To achieve vertical clcarance, all alrcraft in a given area are
given a parucular pressure level known as an altimeter setting.
Altimeter settings may be generally defined as the pressure re-
duced to sca level in.inches of mercury for a given reporting
station. Prior to takeoff, thé pilot should set the altimeter with the
correct altimeter setting. This setting is furnished by the tower
-and is set on the barometric scale of his altimeter.

Setting the altimeter results in a reading of indicated altitude.
Flying at an indicated altitude insures traffic separation, since

3
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AIR NAVIGATION

all properly set altimeters in the area are equally affected by what-

ever pressure and temperature conditions may exist. Pilots need

not make allowance for nonstandard atmospheric conditions but

must keep their altimeters adjusted to the latest altimeter setting

These .settings can be obtained from radio stations or control
s towers along the. route.
NI if no means were available to change the altimeter setting, flight
would be extremely hazardous, especially over mountainous areas -
A change of 1{, of an inch of mercury in the pressure setting will
result in a changé of 100 feet in altitude. If there is a change of
one inch in the pressure setting, the altimeter reading will be
changed by 1,000 feet. While flying along a flight path, the
pilot must set his altimeter to the readings given by the nearest
stations. At higher altitudes above 18,000 ft, everyone uses an
altimeter setting of 29.92. The altimeter can be one of the most
important of_ the navigational instruments, and every pilot must
understand its restrictions. Careful usage coupled with periodic

chec'ks\are necessary.

TYPES OF ALTITUDE

Pilots are usually concerned with five different types of altitude
(Fig 42): ' \
- Absolute altitude: height of an aircraft above the terrain
over which-it is flying. :
Indicated altitude: uncorrected altitude read directly from the
altimeter after it has been set at the current altimeter setting.

e e - \ . f
. . . - N ' o

- . F- R 4 -

.

‘ Figbro 42, Types of Altitude, .
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NAVIGATION INSTRUMENTS

"Pressure altitude: altitude read from the altimeter when the
setting is adjusted to 29.92; used to compute density altitude,
true airspeed, true altitude, etc.

Density altitude: the pressure altitude corrected for temper-
ature variations; important because it is directly related to air-
craft takeoff and climb performance. .

True altitude: actual height above sea level of an aircraft;
the actual altitude, usually expressed as MSL, for example, “9,500
feet MSL”; MSL is mean sea level. Airport, terrain, and obsta-
cle elevations are stated in terms of true altitudes.

“

, cb.\'mxss

A compass is an instrument that mdxcates du'cctlon Two basic
types of compasses are currently used.

The magnetic compass uses as a_ reference the lines of force
of the earth’s magnetic field. Even though the earth’s field is
usually distorted by the presence of other local magnetic fields,
the magnetic compass has been the most widely- used.

- The gytocompass uses an arbitrary fixed point in space de-
termined by the initial alignment of the gyroscope axis. Com-
passes of this type are wxdely used today.

The magnetic compass is reliable, and it wﬂl give good navi-
gational results if used carefully. Even modern aircraft have g-
netic compass that is used as a standby compass m case of faillire
of the electrical system required for the operation of the gyro-
compass. There are two parts of the magnetic compass that are
important to us: the compass carg and the lubber line.

The corfipass card (Fig 43) is mounted in a bowl filled with
ﬁuld This fluid partially floats the card, taking sonie of thé weight
off the pivot that supports it. Magnets mounted on the card re-
main aligned with magnetic north as the aircraft turns. A com-

_ pass rose, graduaged in one-degrec intervals 6n some models and

o

in five-degree interval on others, is attached to the card. The
compass is read through a glass window, Down the center of the
window is a lubber’ line where the heading is indicated.

Concealed in the compass on the opposite side from the win-
dow is an expansion-contraction cell that provides for expansion
and contraction of the liquid caused” by changing temperatures.
On top of the confpass case are two small magnets that can be
rotated (0 adjust the compass. -

In solving the direction element of the navigation problem, we .
work with coyrse; heading, and track. When working with a mag-
netic ,compass, we are concerned with three kinds of headings.
true heading, magnetic h;?ﬁxg, and compass heading.

.
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Figure 43, Mognetic Compass.

True heading (TH) is the. direction of the aircraft in relation
to geographic north. Unfortunately, compasses do not use geo-
graphic north as their reference. The actual reference of compasses.
is a point offset from north called magnetic north. This difference

DEGREES %

Figure 44 liogonic Lines connect pormts with the same Vorohion

68

74




NAVIGATION INSTRUMENTS

between the two references is called variation (VAR). Variation
.has been measured at a gréat many places throughout the world,
and the values have been plotted on charts. A line may be drawn
rough all points with the same variation. Such lines are called
onic lines (Rig-'44). LN
Isogonic lines are printed on navigation charts. If you know your
approximate position, you can determine the amount of variation
for your flight. Variation is listed on charts as east or west. When Val
variation is east, magnetic north is east of true north. Similarly,
. when variation is west, magnetic north is west of true north.
Magnetic variation must be applied to a compass heading to
obtain a true heading.

* Another error to be corrected is deviation. Deviation is caused
by nearby magnetic influend®, such as those related to magnetic
material in the structure of the aircraft and its electrical systems.
For this reason, deviation is different and must be determined
for each aircraft. The process of determining deviation is known
as a compass swing. Deviation is different for every heading.

Figure 45. Compass Correction Card.
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Deviation is labeled east and west, anttit is alse recorded on a
compass carrection card (Fig 45) usually mounted neatr the com-
pass to which it refers. From the example shown, we know that,
to fly a magnetic heading of 090, we must steer 092.

The corrections for variation and deviation are expressed as plus
or minus values and are computed as corrections to true heading.
If variation or deviation is east, the sign of the correction is minus,
and if west, the sign is plus. There is an easy way to remember this.
There once was an ancient ship captain who was renowned as
the world's greatest navigator. He had one mysterious quirk, how- '
/ ever. He always carried a little blick box, and, every once in a

while, he would péek into it. No one else was ever allowed to
see the contents of the box. One day, the great navigator died,
and, while going through his personal cffects, his crew came across
hus little black box. The temptation was too great, and they opened
the box and peered inside. There was written, “Oriens Est Min-
imus, et Occidens Est Maximus,”” (East is least and West is best).
Subtract east variation and deviation and add west. It since has be-
come the navigator’s motto. :

Magnetic heading (MH) differs from true heading by the amcunt
of vanation. Compass heading (CH) differs from true heading
by the amount of variation and deviation (Fig 46).

Most pilots express these relationships on some type of log.
Thus, if an aircraft is flying in an area where the. variation is
10°E and the compass has a deviation of 3°E, the relationship
would be expressed as follows for a true heading of 138°:

N —
TH VAR MH DEV CH
138 - 10 = 128 -3 = ?

The compass heading would be 125°. If you have a CH = 130
in the same aircraft and in the same area, the problem would
be as follows:

N\

TH VAR MH DEV CH
> ? -10 133 -3 130
(

_The TH would be 143°. The clue is to temember that the
correctians are applied from left to right. If you start on the right,
. the corrections are’reversed.’
« Unfortunately, variation and deviation are not the only errors
of a magnetic compass. Additional errors, such as northerly turn-
ing error and speed error, are caused by the motion of the air-
y  craft. If you start flying, these errors will be introduced, and you, |
will be shown how to compensate for them. |
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" Figure 46. Headings.

To overcome the motion errors and the deviation error, the

ZYrocompass . was developed and is uscd extensively. The devia-
tion crror 1s overcome by placing the compass direction sensing
mechanism outside the magnetic ficlds created by eclectrical cir- \\
cruts m the aircraft, such as thg outer edge of the wing. Indica-
tors for the compass system can then be placcd in the aircraft.

o
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Since this compass is gyrostabilized, all errors induced by air-
. craft motion are eliminated. Since deviation is eliminated, the CH
and MH are equal. Therefore, only variation has to be applied
to TH to get CH. :

WORDS AND PHRASES TO REMEMBER

. attitude indicator MSL
turn-and-bank indicator compass .
’ airspeed magnetic compass ,
Q groundspeed compass card :
pitot tube lubber line ~ .
indicated airspeed (IAS) true heading (TH) .
calibrated airspeed (CAS) . magnetic north
trye girspeed (TAS) - variation (VAR)
altimeter Isogonic lines
altitude’ . deviation
absolute altitude . compass swing
indicated altitude . *~ “Eastis least and West is best"
pressure altitude ’ magnetic heading (MH)
density altitude compass heading (CH)
true altitude gyrocompass
: ’ QUESTIONS.

1. Name the four basic instruments needed for elementary navigation.
2. What do instruments do?

3. Another name for the needle and ballis ____indieator. T
4. True or False. The FAA requires that private pilots be able.to control

aircraft altitude by justruments alone. L !
5. True or False. Fuel consumption is figured in miles-per-galion.
6. List the four components of the airspeed indicator system. ; .

7. Explain how airspeed is measured.
8. Name three things that induce error in the airspeed indicator.

9. True or False. Calibrated airspeed is airspeed read directly off the
indicator with no correction applied.

10. The greatest potentisl for drspeegl error occurs at (low. high) airspeeds.

11, True or False. TAS Is most accurate when found by using a computer.

12. True airspeed (increases, ’detreases) with an increase in altitude.

ERIC ° 8

Aruitoxt provided by Eic:




.

NAVIGATION INSTRUMENTS

13. Using one of the shorthand methods of figuring true airspeed, find the
. approximate true ‘airspeeds:

-

Altitude IAS TAS
3000 100K I
4500’ 110K ° _ )
5000’ 120K
Y6000 140K
14. Most altimeters in light airplanes are an apparatus.

15. Altimefers in most light aircraft measure the weight of the air (above/
below) the aircraft.

" 16. The altimeter cross-hatch as the aircraft
descends. <
a. remains constant
b.. disappears
c. gets larger
d. gets smaller \

17. Name three corrections that need to be made to obtain enct altimeter
readings.

18. The altimeter setting is set on the : scale.

19. True or False. Every aircraft flying {n a local area should have the same
altimeter setting.

“20. A change from an altimeter setting of 29.92 to a sefting of 30.02 will

result in a change of S — feet in altitude.

! 21. 10,000 feet MSL is an example of )
[ 2. absolute altitude
| b. true altitude

c. indicated altitude

d. dens“y altitude 1 ’

22. What are the two basic types of compasses in use? How do they differ?

23. What two parts of a magnetic compass are we most concerned ‘with?

| 24. Explain the parts of a magnetic compass.

‘ 25. Name three kinds of headlngs' and explain how they differ.

26. If you are one-half way between the isogonic lines 4°E and 04‘, what

. is your variation correction? ’
| 27. Solve for the following headings:
TH VAR * MH DEV CH
- 6E I -1 123
| 235 ' — +4 —
. 000 21E - +1 —
| W : -3 180

28. How is deviation compensated for in a gyrocompass system?
29. With a gyrocompass, CH equals

73
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AJR NAVIGATION
THINGS TO DO

1. Get a chart of the common aircraft nstrument papel and 1denufy the
different instruments and their use.

[ 2

. Try to get a cutaway of the various instruments showing the actions of
the instrument diaphragms and other apparatus. Report to the class, by
demonstration, how each of these instruments works.

3. Go to a local airport and ask how they swing compasses. See if you
can be available to help with a compass swing. Report to the class on
the procedures.

4. Go to the nearest weather station, either military or FAA, and find out

how they figure the local altimeter setting. Report to thc class on how
this is accomplished.

SUGGESTIONS FOR FURTHER READING

US Air Force AFM 51-37, Instrument Flying, Washington, DC, Department
of the Air Force, 1971.

US Air Force AFM 51-40, Air Navigation, Vol 1, Washington, DC, De-
partment of the Air Force, 1968.

LyoN, THosURN C., Practical Air Navigatnon, Denver, Colorado. Jeppeson,
1972.

SANDERSON, Aiiation Fundamentals, Denver, Colorado. Sanderson, 1972.
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Dead Reckoning

>
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1N THIS CHAPIER you siudy the fuhdamentais of nawgqtion
These fundamentals, or basic methods, are called dead reckon.
ing (DR} procedures, This is an especially lmportant chapter
since some elements of dead reckoning are used on every
tlighs. After studying. this chapter, you should_be ‘able to;
(1) understand the elements of dead reckoning used in ‘pre-

_flight planning.and in flight navigation, (2) figure true course
and, track, and (3) unéerstand the wind triangle and fts apph‘ '
calfor,* ST L L —

- LA

\ 4

HERE IS A STORY that ancient mariners told new sailors aspiring

Tto be navigators. In warning young lads of the horrible things

: that could happen if the shxp got lost, old salts. would say, “If

" you don't reckon' right, you're gonna be dead.” Some people
claim that this. was the ongm of the term dead reckoning.

Dead reckoning (DR) is the basic method of navigation. In

reality, the .term did come from the carly mariners, but the origin

¢ of the term came from the ‘ship’s log book. Navigators of old de-

duced their positions at any given time by using the distances

and directions that their vessels had gone since passing or leav-

ing a known position. Such positions were determined at frequent’

) 75
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intervals and were entered in the ship’s log book under a colump
headed by the abbreviation “ded. pos.,” for “deducted position.”
The reckoning necessary to obtain the information for these en-
tries was known as “ded reckoning.” Over the years, through pop-
ular "usage, “ded rcckomng became ‘“‘dead reckoning.”

The major idea behind dead reckoning navigation is to know,
by preflight planning and inflight checking, the position of the
aircraft at any given time. DR navigation enables the pilot or
navigator to determine the position of his aircraft and to direct
it from place to place. He accomplishes this by measuring qr .
calculating and keeping account of navigational factors, such as di-
rection, distance, time, wind, and speed. By using his flight plan, .
a pilot may glance at his information and determine how the fllght ,
is progrcssmg

It is possible, using only the basic instruments explained in the ..
previous chapter, to navigate directly to any place in the world.
How=ver, navigation 1s only as accurate. as the information avail-
able. Instruments are not always cxact, corrections figured on the
ground aren't exactly true in the air, and, even though most pilots
find it hard to admit, their ability. to hold exact airspeeds, altitudes, .
and headings is not always perfect. For this reason, the result of
DR should not be considered an exact point but a probable posi-
tion from which you tan start using some other navigational aids.
Therefore, such things as celestial, radar, LORAN, pilotage, etc,
should be considered as navigation aids. These aids are known pri-
marily as fixing aids, and they provide information from which
winds, groundspeeds, and alterations to the path of the aircraft
can be computed. Proficiency in DR procedures is indispensable
it full use is made of these aids to navigation.

The factors that are used in DR include:

True course (TC)

True airspeed (TAS) [
Wind dirgction (W)
Wind velocity (V)
True heading (TH)
Groundspeed (GS)

S e

To understand how these are derived and put to use, we must
understand the wind triangle. Any vehicle, traveling on the ground
moves in the direction in whych it is steered or headed. Ground
vehicles are affected very little by wind. An aircraft, on the other
hand, seldom travels in cxactly the direction in which it'is headed.
This is caused by the wind effect.

The horizontal motion of air over the earth’s surface is callc,d
wind. Wind direction (W) 15 the direction from which wind moves.

K2
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Thus, a wind that blows from the south toward the north has a
direction of 180°. The wind velocity (V) is stated in knots. When-
ever a wind is reported, the. wind direction and velocity are
combined and reported as a W/V. For example, a wind from the
west blowing east at 20k is reported as W/V, 270°/20k.
Consider the effect of wind on a balloon that has no propul-
sion of its own. In Figure 47, a balloon is launched at point A
at 0900. If the wind is 270°/20k,-where is' the balloon at 1000?
Think of the baiBon as floating m a body of air that moves from
270° toward 90° at 20k. In one hour, ‘the body of air moves
20nm, and the balloon moves with it. Thus, in the illustration,
at 1000, the balloon reaches point B, 20nm from point A in the
direction of 90°. A balloonist never feels any wind because he is
suspended in the body of air and moves with it. Consequently,
no air moves past him. A balloon in the air is like an empty
bottle floating down a river, it travels with the current. .
Any free object in the air ntoves downwind with the speed of
the wind. This is just as tfue of an afrcraft as it 1s of a balloon: If

13

Figure 47 Balloon Floats Dowawind at rate equal to Wind Speed
&
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*

an aircraft is flyig in a 20k wind, the body of air in which it is
flying moves 20nm in one hour. Thercfore, the aircraft also moves
20nm downwind in one hour. This movement occurs in addition
to the forward movement of the aircraft through the body of air.

The path of an aircraft over the earth is determined by two fac-
tors: (1) the motion of the aircraft through the air mass and (2)
the motion of the air mass across the ecarth's surface. The motion
of the aircraft thrpugh the air mass is directly forward in response
to the pull of the propellers or thrust of the jets. The rate of
forward movement is true airspeed (TAS). The motion takes
place in the direction of true heading (TH). The motion of the
air mass is the wind.

An aircraft’s movement over the ground is comparable to a
boat crossing a river. If the river has no current, a boat started
at one shore of the river and rowed directly across the river would
reach a point on the opposite shore directly across from its start-
ing point. However, if therc is a current, the boat will be carried
downstream (Fig 48). Unul the boat eventually reaches the op-
posite shore. the displacement downstrcam depends on the veloc-
ity or speed akd direction of the current. Another factor affect-
. ing the point of landing is the speed of the boat.

The aircraft in Figure 49 departs from point A on a heading
of 360° and flies for one hour in a wind of 270°20k. The air-
craft is headed toward point B, directly north of A. If there were
no wind, the aircraft would be at point B at the end of the hour.
However, there is a wind. The body of air in which the air-
craft is flying moves 20nm toward the cast during the hour, and

WIND

Figure 48 River curren affects o baat the same as wind offects an aircraft
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270° / 20k
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Figure 49 In One Hour, Aircraft Drifts Dawnwind and Amounts Equal to Wind Speed.

the aircraft moves with 1.. Consequently, at the end of the hour,
the arrcraft is located at pont C, 20nm downwmnd from pomnt B.
The line AB 15 the path of the aircraft through the body of ar,
the line BC shows the motion of the body of air, and the line
AC 1s the actual path of the aircraft over the carth. Lines AB,
BC. and AC arc vectors, of lines, that show speed by the length
of the line and direction by the orientation of the line. The navi-
gation symbols used for each of these vectors are shown in Figure
50

The path over the ground s track (TR). In Chapter 3. we
learned that the true course (TC) 1s the intended path of the
aircraft over the carth's surface Track 1s the actual path that the

t
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N

AIR VECTOR (TH-TAS) N\
True heading and airspeed /
GROUND VECTOR (TR-GS) N\
Track and gnoufd speed /7
WIND VECTOR (W/V) ALY
Wind direction and speed VI O4

~

Figugw 50. Stondord Plotting Symbols for Vectors.

L3
aircraft has flown over the earth's surface. TC is future and TR is
past.

The difference between TR or TC and true heading (TH) is
the displacement of the aircraft caused by the wind. This displace-
ment is called drift. It is expressed as the angle between TH and
TR. When an aircraft drifts right, the drift is referred to as right

drift. N

Any given wind will cause a different drift for every heading. ‘i
For example, if an aircraft were flying a heading of 360° and
maintaining a TAS of 120k, it would have a right drift of 9°
with the 270°/20k wind. If the aircraft turned to a heading of
1207, the drift would decrcase to approxjmately 4° and would
be left drift. i

A change of heading will also affect the distance flown over
the carth's surface in a“given time. With a given wind, the ground-
speed (GS) varies on different headings. Using the same problem
as before, TH 360>, TAS 120k, W/V 270°/20k, the GS is
122k. When we turn to a heading of 120°, the GS increases’
to about 138k. Figure 51 shows the effect of a 2707 /20k wind
on the GS and TR of an aircraft flying THs of 0007, 090", 180°,
and 270°

We have now seecn how wind affects an aircraft in flight. In
attempting to fly from point A to point B, wc could let the wind
dnft us to point C and turn into the wind to fly to our destina-
tion B. This 1s not very practical, since it would cxtend our flight
unnecessarily. :

The simﬁlcst way to correct for wind 1s to head the aircraft up-
wind to mTintal'n the TC. This 1s called correcung for dnft or

)
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drift correction. @he angle BAC 1n Figure 52 1s the correction
that is applied to,a TC to find the TH.

The amopnt of dgift correction must be enough to compensate
for the amount of drift on the particular heading. The dnft cor-
rection angle must be equal to the drift angle. If drift is made
to the right, drift correction must be made to.the left or minus.
The drift correction angle is measured in the opposiw direction
of the drift and given a sign of plus or minus. Keep in mind that
the compass rose increases clockwise, or to the right.

Figure 53 shows the drift correction necessary in a 270720k
wind if the aircraft is to make good a TC of 000°, 090°, 180°,
or 270°. Note that, to reach point-B or D, the aircraft need
make no drift correction. To reach point A or C, the aircraft
must head upwind. This means, that, to reach point A, the air-
craft must correct to eft apply a minus (-) drifl correc-
tion, and, to reach pofl‘}:NCl ) st correct to the right or apply a
plus (+) drift correction. §o find the TH to mak¢ good a TC,
you must compute a drift forrection and apply it to TC (TC *
drift correction = TH).‘ .

DRIFT

P S

N—
GS INCREASED
‘
180
S -
P Figure 51 Effect of Wind on Airceaft flying in Opposite Directions
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P20k

te

DRIFT
ANGLE

DA

* Figure 52. Aircroft Heads Upwind to Correct for Drift

1 N
. When the drift is left, correct to the right. and the sign of the
correction s plus When the dnft is nght correct to the left and
the sign of correction is minus.

. . . WIND TRIANGHT

We need not let the wind carry us where it will. We have
found that, by turning upwmd we tan correct for the wind’s
effect on the aircraft. This is fine, but we also must find a method
of determining the appropniate correction required for us to rgach
our destination. Onc method of doing this is to use the wind
triangle and vector solution methods. For example, TH, TAS, and
W/V may be known, but we nced to fand TR and GS.

The vector displaying ecither TAS and TH., TR and GS. or
W/V can be drawn on paper as a straight lipc. The direction

82
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of this line is the angle measured clockwise from true north. The
| length of the line shows the magnltude or speed of TAS, GS, and
| V. Arrowheads should be drawmen the line to avoid any mis-
understanding of its direction (Fig 54). .

l Two or more vectors can be added together by placing the tail
| of each succeeding vector at the head of the previous vector.
t These vectors are known as component vectors. The sum of the
| component vectors can be determined by connecting, with a
| straight line, the tail of one vector to the head of the agher. This
sum is known as the resultant vector, By its construction, the
resultant vector forms a closed figure as shown in Figure 55.
Notice that the resultant is the same regardless of the order as
long as the tail of one vector is connected to the head of the
other. '

A vector illustration showing the effect of the wind on the flight
of an aircraft is called a wind triangle. To develop the wind tri-
angle, we use three vectors. the air vector, the \irind'vector, and
the ground vector.

RIGHT DRIFT
REQUIRES A LEFT

OR (-} DRIFT TAILWIND 0 DRIET
CORRECTION.

___»—M—H‘s
- I s 090

LEFT DRIFT v
REQUIRES A RIGHT

on {+) DRIFT

CORRECTION

HEADWIND 0* ORIFT

Rlo

WIND

2700 / 20k

Figure 53 Maintaining Course in Wind
5Y o
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TRUE
NORTH

i CIRECT!ION — (070°)
VEC

MAGNITUDE — (200 knots)

#

. Draw components teil to
\ n head 1n any order,
™ resultent is the sama

' <Figure 55 Resultant Vector 15 Sum of Component Vectors
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The-air vector is made up of TH and TAS. The wind vector
is*WV. It is connected to. the air vector so that the tail of the
wind vector is attached to the head of the air vector. A line con-
necting the tail of the air vector with the head of the wind vector
is the resultant of the two component vectors. This resultant is the
ground vector, and it depicts TR and GS. You must use the same
scale to show GS, V, and TAS. Remember that the wind always
blows the aircraft fron TH to TR.

Consider what the wind triangle shows. In Figure 56, an air-
craft departs from . pomt A on the TH of. 360° at a TAS of 150k.
In onc hour, if there is no wind, it reaches a point B at a dis-,
tance. of 150 nm. Line AB shows the direction and distance
that the aircraft has flown. The length of AB shows the TAS
of the aircraft. Thus, AB represents the velocity of the aircraft
through the air, and it is the air vector. / : :

Suppose the wind were blowing from 2707 at "30k. We theﬁ\
draw the wind vector (using W/V) from the.head of the air
vector. The length BC represents the $peed of the wind drawn to
the samé scale as the TAS.

“a

The line AC is the ground vector, which is the result of the
wind, blowing on the aircraft as it flew its TH and TAS for a
onc-hour period. The length of AC represents the groundspecd
drawn to the same scale as the TAS and wind spced The line -
AC is the. resultant of AB and BC.

Measuring the length of AC determipes that-the GS is 153k.
Mecasuring the drift angle, BAC, and applymg it to the TH of
3607 results in the TR of 011°.

If two vectors in a wind triangle are known, the third one can
be found by drawing a diagram and measuring.the parts. For in-
stance, supposc that, after flying for one hour, we know that we
have maintained a TH of 360" and TAS of 150k. Through pilot- ——
age, we know that, in this same period, we had fnade good a
TR of 011" and GS of 153k. By drawing these two vectors and
making sure that their tails ‘are connected, we cag find the WV.
All that we ‘need to do'is to measure the remaining vector,” and
the result will be W/V.

The wind triangle includes six things. three spccds and three
directions. Problems involving these six quantmcs make up the
major part of dead reckoning natigation.

There arc three methods of solving the wind triangle. It may
be solved by trigonometric tables, however, the accyracy of this
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. Figure 58. Wind Triangle

method far exceeds the accuracy of the, data available and of the
results needed. We have already studied a second method of
solving the wind triangle. We used a chart to draw two vectors
so that we could measure the vector representing the unknown )
quantities. A third method 1s to solve the wind triangle on the wind
face of the computer. This method is explained in Appendix B.

’ \‘1 . 86
ERIC
G2




DEAD RECKONING
WORDS AND PHRASES TO REMEMBER

dead reckoning (DR) drift correction
wind direction (W) component vectors
wind velocity (V) resultant vector
W/V wind triangle
velocity air vector

vector ' wind vector

track (TR) ground vector

drift
QUESTIONS

1. The basic method of navigation is

2. Dead reckoning is used for:
a. preflight planning
b. inflight checking
¢c. Both a and b
d. None of the above

3. True or False. The position obtained from DR should be considered a
precise point.

4. Celestial, radar, LORAN, and pilotage are used to:
a. replace DR .
*b. find a known position
c. update DR position

d. b and ¢
5. The six factors used in DR navigation are:
a. d. .
b. e.
[ f. .

6. Alrcraft very seldom'travel in the direction they are headed because of

”

«

7. A wind vector is plotted (to/from) the direction it moves,
8. An object flying in a wind moves (downwind/upwind).

9. Draw the symbols used to depict the following vectors:
a. Alr vector ’
b. Ground vector
c. Wind vector

10. Trueh or False. A wind of 180°/60k will affect an alrcraft on a TH of
090° differently than an aircraft on a heading of 180°. .

11. Given: W. V 345, 30k, Flnd/the GS of an aircraft flying » TAS of 120K
for headings of 345° and 165°.

12. Drift N = Drift Angle.
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13. Solve the following: R
Drift’ Drift Correction
9 Right +3°
4° Left T 6

14. Fill in the ’bhnks by referring to what you have learned in chapters §

and 6.
% Drift Correction =
=+ Var =
15, The length of & vector depicts .

16. A wind triangle is made np of three vectors. What are they? What are
the components of each?

17. In a wind vector, the tail of the wind vector is connected to the
___ of the air vector, The tail of the ground vector is connected
to the of the wind vector, The ___ of the
alr vector is connected to the ) of the gronnd vector.

18. True or False. All speeds or magnitudes on & wind triangle mnst be
drawn to the same scale.

19. Name three methods of solving the wind triangle.

THINGS TO DO

1. Construct a wind triangle to find the missing elements:

TH 080

TAS 150k

TC 070 340
GS 152k 160k
wv_ - 220
v 20k

2. Find a flight log and figure all the headings and speeds for a flight from
the closest airport to an airport over 100nm away. Obtain the wind for
your altitude from the weather station serving your airport.

3. Usnni Appendix B, solve the problems in No 1 above by using the com
puter wind face.-Check how close your answers are. )

SUGGESTIONS FOR FURTHER READINGS

US Air Force AFM 51-40, Air Navigation, Vol 1, Washington, DC. Depart-
ment_of the Air Force, 1968.

Conroy, CHarLEs W. and HaroLp E. MEHRENS, Navigation and the Weather,
Maxwell AFB, Alabama: Civil J.‘Air Patrol.

LyoN, ThosurN C., Practical Air Navigation, Denver, Colorado. Jeppeson,
1972.
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g " Chapter 7
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‘ [ 3 L] *
Navigation Aids '

s

.. . S Lo o N .
“THIS' CH{APT&R {s comc@rned with those navigation aids that
help the pilot/navigator to determine his position. This.pasition
is then used as the basis fo’ continue the DR problem. You =
will hecome: familiar, with the aids used primarily for light.
airegft flying' such as VOR, TACAN, VORTAC, ADF, and (LS}
You also are introduced to some of the navigation aids ysed
for military and large aircraft flying,‘such as, celestigl, radar,
LORAN, doppler, and inertial navigation systems: Upon éom-
pletion of this chapter, you should : (1) understand thé® uses
of VOR, VORTAC, ADF, and ILS, (2) he familiar with the uses
of celestial, radar, LORAN, doppler, and inertial navigation
systems, and (3) understand how the navigation aids com- .
bine with DR to solve }he navigation problem.

. - , N o > .

Dcad Reckoning” (DR) is fundamental to navigation. Solving
the wind triangle and finding positions based on time, speed,
and direction arc the foundations of navigation. Unfortunately,
DR is scldom exact.' When solving the wind triangle problems,
we always started from a given point. The assumption is made
that the position of this point is known exactly or ncarlx so. DR

9> ®
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always starts from a known position. The longer DR is used
from this known position, the less reliable it becomes. Individual
small errors can accumulate until the total error becomes dan-
gerously large.

A pilot/navigator employs various means to determine his actual
position in relation to the ground. When flying between 4,000 and
10,000 feet on a clear day, we can frequently identify our posi-
tion by using recognizable landmarks or pilotage. When we identify
a position accurately while in flight, the identification is called a
fix. A fix serves as a new puint of departure and cancels previous

_errors in DR,

Obtammg a fix by pilotage is great as long as the weather is
clear or the flight is made at an altitude low enough for you to
identify features on the ground But when “this is not the case,
we need other methods to obtain an accyrate position. Another
lmportant reason for understandmg other ‘methods ‘o navigation
is that backups are needed in the event that a beautiful VFR
day turns into a messy batch of clouds and bad weather. One
killer of light aircraft pilots is attempted VFR flying into IFR
wedther.

On the following pages, we cover the most widely used current
methods of navigation so that you can at least recognize the
methods as you begin to fly. Barely 40 years ago, wg were
almost totally dependent on pilotage. Now, we use basic naviga-
tion concepts to navigate to the moon and beyond.

» .
ADF

The automatic direction. finder (ADF) receives radio signals
from stations, such as radio beacons and commercial AM facili-
ties. ADF equipment indicates the direction of the station being
received in relation to the heading of the aircraft. In Figure 57,
we see our airplane flying north. The ADF indicates that a sta-
tion is located 35° (to the right) of our position. In Figure 58,
we have turned .our aircraft 35°E and are heading directly to-
ward the station. When the ADF needle points to zero, the air-
plane is flying on course to the tundd station.

The ADF is most often used for homing. The pllot tunes in
a desired station and then flies directly to that stdtion by keeping

_ the ADF indicating needle on zero. Homin® keeps the nose of
the aircraft pointing toward the station. For .this reason, the
ADF has acquired the name Bird Dog.

When homing in a crosswind, the airplane will follow a curved

course. As the aircraft drifts downwind, the pointer will show that
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. Figure 57. ADF Stotion 35° Right Figure 58 ADF Stotion oryb"uru.

»

it 1s not heading directly to the staion. Multiple, heading changes

over the station, the pointer will swing from 000° to 180° (Fig
59). : . )

Figure 60 shows how two kinds of stations used for ADF
navigation are depicted on a chart.’ The radio station WRFS and
its frequency are listed next to its tower location. The Alexander

radio beacon is displayed by a group of dots with a circle center.

VOR. TACAN, AND YORIAC

Today, the FAA cxpects all pilots to have a basic knowledge
of the very high frequency omnirang¢ (VOR). VOR stations
compris¢ the most extensively used radio navigation system for
aircraft A VOR station operates in the very high frequency range
of 108 0 MegaHertz (MH2) to 117.9. MHz A VOR station trans-
mits radio beams in all directions. For this reason, it is somectimes
called omni, which is short for ommni-directional. Figure 61 shows
how these radio beams, called radials, extend out from . the sta-
tion like spokes from~the hub of a wheel Each bcam or radial
is identified by its magnetic direction from the station A pilot

«

necd to be made to cross the" station. When the aircraft passes._ .
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navigating by VOR may fly to or from a station by following
the proper radial, reg. - dless of his location

ADF transmissions are subject to weather disturbances, and
navigation by them 1s affected by wind and vanation VOR sig-
nals. on; the other hand, are relatively free of weather dis-
turbance Drft corrcction and vanation do not need to be used
because VOR radials provide their own continuous  directional
guidance

[ 4
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Figure 61 VOR Radiols allow for 360 Separate Course Selections

There are two components of the VOR in the cockpit, the
control panel and the indicator The control panel usually con-
tains a power switch, frequency selector knobs and indicator,
and a volume control Figure 62 shows a militgf§ control panel
There are many different makes, and 1t takes a minute or two to
become familiar with the controls of each

Figure 63 shows three components of the VOR indicator
Each of these gives the pilot information that he neceds to navi-
gate by VOR signals The first cothponent. the course deviation
indicator (CDI), has a vertical needle that swings to the left or
night, showing where the aircraft 1s located 1n relation to the radial
selected on the second component. the course selector.

The TO-FROM indicator s the third component of the VOR
indicator. This indicator tells the pilot whether the course sclected
will take the airplane to the station or from the station

Using the VOR to fly to a VOR station 15 very simple Furst,
you find the frequency and identifier of the station. using either
a sectional chart ot a special radio faci ities chart that shows VORs,
VORTACs. TACANs. and some ADFs Next. you tune the VOR
recetver to the frequency pnnted oft the chart and identfy the
station by listeming to the Morse g,f»dc wentfier or voice wdenti-
fication If you cannot positively identify a VOR station. then
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POWER FARQUENCY WINDOW
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do pot use it for navigation purposes' After identifying the sta-
tion, turn the course selector until the TO-FROM indicator
shows TO, keep turning the course selector until the CDI is cen-
tered. You now have the magnetic course toward the station on
the course selector, turn the airplane until the compass and -the
coyrse selector ‘are the same. If you keep the CDI centered, the
airplane will fly the selected course directly to the station. When
the TO-FROM indicator flips from TO to FROM, it is a posi-
tive indication that you have passed over the station.

The procedure to fly away from a VOR station is very similar.
After tuning the VOR station and identifying it, rotate the course
selector to the correct outbound bearing and center the CDI.
Make sure that the TO-FROM indicator shows FROM. Tum
the aircraft to the compass heading that corresponds to the
course indicated by the course selector. If the CDI shows that
the aircraft is either left or right of the course, small corrections
in heading will return the aircraft to the desired course.

Direction solves only a part of the navigation problem. If the
pilot knows his distance from the station in addition to the direc-
tion, his navigation can be accurate. For this reason, distance
measuring’ equipment was developed. Distance measuring equlp-
ment (DME) continuously measures the slant distance of an air-
craft from a ground Ynit located at a known point. The ground
unit consists of a combined DME receiver and transmitter. The
ground-based system is called a transponder. Each aircraft
equipped with DME has a unit called an interrogator. The inter-
rogater emits a pulse (signal), which is received by the ground-
based transponder. The transponder then replies to the interro-
gator with a similar signal (Fig 64). .

The aircraft’s DME unit measures the elapsed time between
the transmission of the interrogator’s signal and the reception of
the transponder’s reply. This measurcment, called the slant range,
is instantly converted into distance by the airborne unit. The dis-
tance in miles is automatically and continuously shown on g dial
on the instrument panel.

When DME is used in combination with VOR, a pilot can tell
at a glance the direction to a tuned station and the distance to
or from it.

Tactical air navigation (TACAN) is a military system of radio-
clectronic navigation that provides bearing information like VOR
and distance information like DME. The need for a common sys-
tem of bearing and distance information to both military and
civilian pilots has resulted in a combination of VOR/DME and
TACAN. The combined system is ”lled VORTAC.

R ’9?
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' Figure 64. Distuncc-Mcgsuring Equipment.

/ If an aircraft is cquipped with a pomplete TACAN unit, the.,
/ aircraft can receive both directional guidance and distance infor-
mation from the VORTAC. Aurcraft equipped with only VOR
may reccive directional guidance. If it also has DME cquipment,
it will receive both directional guidance and distance information.
VORTAC stations now comprisc the majority of the radio and
navigational aids in the United States.

Figure 65 shows how a VORTAC is displayed on a sec-
tional chapt. A VORTAC station symbol is shown in blue and is
surrouy py an azimuth symbol. This azimuth symbol is ad-
justed ~TOr local variation; thercfore, all that is needed to plot a
magnetic course is a straightedge. The identification data on the
VORTAC is found in 2 little “box @ﬁ’?\e azimuth symbol.
The data noted is the VOR frequen (108.8), the TACAN
channel. (CH 25), the identifying letters (TDG), and the Morse
code for these leters. If the station were only 2 OR, there
would Pc no channcl given.

fts

-There are other indications on our VOR c¢ourse indicator Most
of thesc arc conccrncd with the ins?’ument landing system (ILS).
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, .
Figure 65, A VORTAC Symbel Displayed on a Chart

The ILS is a system whereby pilots ca
the visibility  is

glide slope indicator (GSI) '

A series of beacons is used in conjunction with
to let the pilot know how far he 1s awa
marker beacon light flashes when the
specific positions on the ILS final
marker 1s located four to seven mi
dle marker s located

and indicates to the p

the ILS system
y from touchdown. The
aircraft passes over two
approach to landing. The outer

les from the runway The mid-
approximately 3,500 foet from the runway

tlot that, if he docsn’t have the runway in
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sight, he must go around and try another approach. In addition
to the flashing light a high-pitched squeal comes through the radio
to warn the pilpt when he reaches the middle marker. The ILS
is the primary landing approach used by the airlines.

CELESTIAL

You are a navigator in an Air Force B-52. Your mission today
is to fly undetected across the North Pole. There are no VORs,
VORTAGs, or any other navigation aids around the North Pole.
If you turn your radar on, you can be detected. What do you do
under these conditions? J ) e

You amurn to the primary fixing method used by the ancient
mariners Tcelestial navigation, or navigation using the sun and
stars. When the ground is not visible and a position cannot be
established with other methods, when you are flying on long
overwater flights, or when Aou are flying over uncharted greas,
celestial navigation'is an excellent aid. It has worldwide utility and
1s extremely useful in polar regions where nothing else is available
Furthermore, this type of navigation is not subject to enemy de-
tection or jamming. L e

Celestial 6bservations serve two purposes. First, they, provide a
means of fixing an aircraft's position..Second, they may serve as
direction-finding references to check the accuracy of compass head-
ings. .

Celestial sightings must be taken with ‘a special instrument, the
sextant. Before he can identify the stars to be used for a-celestial
fix, the navigator must go through a precomputation of the positior
of the stars for the precise time when he will observe them with
the sextant. To do this, he must use the Air Almanac and celestial

tables for locating the position of the celestial body to be observed

After precomputation, the navigator observes or “shoots” with
his sextant one of the stars that he has seleg€d. He shoots the
altitude of the celestial body above the horizon. Using a DR posi- -
tion as an assumed position, the navigator figures the difference

‘between the altitude of the star computed from the assiimed posi-

tion and the altitude observed with the sextant. This difference
indicates how far away the aircraft is flying from its assumed posi-~
tion. From shis, a celestial line of position (LOP) is plotted.

' The aircraft is known to be located somewhere along this line

At night, the navigator observes at least two other stars
through his sextant, repeating the procedures above. Three inter-
secting LOPs indicate the aircraft’s actual pbsition and give a fix
During the day when only the sun is available, we cannot get a

N
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fix unless we cross the sun LOP with an LLOP from some other
aid, such as radio or LORAN. >

-~

RADAR

The term radar stands for radio detection and ranging. Radar
works on an echo principle. A high energy radio signal is trans-
mitted. The signal travels until it contacts an object, and then it is
reflected back to the radar antenna (Fig 66).,

The radar antenna relays this signal to a cathode ray tube
(CRT) or radarscope where it is displayed. The distance to the
target is determined by measuring the time required for the radar
signal to reach the target and return to the antenna. The radar
signal travels at the speed of light and makes the round trip in
microseconds (a microsecond is one millionth of a second).

There are now .many uses for radar: catching speeders on the
highway, air-to-air intercepts for air defense aircraft, ships avoid-
ing other ships, weather stations in locating storm -areas, etc.

For air navigation, there are two primary uses of radar. First, air-
borne radar can be used to locate targets on the ground. By
using DR and referring back and forth between radar and tHe
‘thart, you can determine the aircraft’s position. Proficiency in in-

L} , - LY
Figure 68. Radar Beams Reflect Differently fram Various Types of Terrain.
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Figure 67. A typical Radar Scope Picture.

‘
P

terpreting a radarscope requires a grcal“ deat of practice. Figure
67 shows a typical radarscope picture. . K52

The second navigational use of radar is made in air traffic
control,, A radar located on the ground can keep aircraft flying
in the radar’s area under surveillance and provide navigational as-
sistance. .

Radar is also used to aid pilots in making approaches to air-
ports. The airport approach conyydl at most major airports has
_precision approach radar (PAR)/which gives very accurate range,
azimuth, and glide path inforpfiation. PAR can be used to guide
the pilot and his dircraft the touchdown point “without the
pilotseeing the runway. . /

t

LORAN

Long-range navigation (LORAN) 1s used mainly by aircraft
flying over ocean foutes. Practically all pcean arcas of the North-
ern Hemisphere Are served by LORAN stations. Aircraft must
have a special FORAN recciver and special LORAN navigation
charts to use thig system.

ERIC
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LORAN stations are operated .in pairs, cach pair consisting of
a master station gnd a slave station. Figure 68 shows the master
station and the slave station sending out signals to the aircraft
flying between them. A pilot first tunes his LORAN receiver to
the desired pair of stations. The first signal reccived comes from
the master station. After a sét delay, the. slave station emits its
signal on the same frequency. Although the master signal is
always received first, ‘the time interval between the reception of
the master signal and the reception of the slave signal varies
according to the position of the aircraft. The LORAN recciver
‘within the aircraft measures the time difference between the two
signals. ¢

This time difference is constant at any one location, but there is
more thah onegpoint from which the same time difference may be
measured. A il drawn through all such points takes the shape of
a curved line clcd , hyperbola. LORAN navigation charts include
a series of hygerbolas that represent various time differences for
LORAN signald. .

On his LORAN chart, the navigator locates the hyperbola for
the time difference measured by his LORAN receiver. Since this
curved line passes through ail points for which this time.differ-
ence applies, the aircraft is located somewhere along this line.

w000 o
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Figure 48. Long Range Navigation System (LORAN) . \
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On the LORAN chart, the hyperbola that corresponds to this
time difference is. the LORAN line of position on which the air-
craft is located.

A second sct of LORAN signals is received, and the time
difference for this set is determined by the receiver. This time
difference is also plotted on a LORAN hyperbola chart, and
another line of position can be established. The position of the
aircraft is then determined as the point where these two lines in-
tersect.

DOPPLER

"Since man first fw, he has searched for a way to determine
groundspeed and drift angle without aid from the ground. The
idcal system would solve the navigation problem any place in the
world and would not be susceptible to jamming, dependent on
ground transmissions, nor capable of use by the enemy for a
counterattack. The system would also need to be flexible enough
to track aircraft even though they make unplanned deviations from
the preflight course. Unlike celestial navigation, which can be
rendered useless in bad weather or ,{lights below clouds, an ideal
syStem must also be capable of operating at any altitude or in any
wedther. Such an ideal system is being approached by the Doppler
effect and inertial navigation.

Doppler is named after Christian Johan Doppler, a German
mathematician who discovered the principle of Doppler effect.
Doppler effect can be observed by listening to the whistle of a
passing train. As the train approaches, its whistle, as heard by a
stationary obscrver, has a fairly. stcady pitch which is higher than
the true pitch. The speed of the approach is being added to the
speed of sound. As the train passes, the ptich drops ghickly to a
frequency befow the true pitch and remains at' thdlower fre-
quency as the train ‘moves away from the obscrver (Fig 69).
Now the travel speed is being subtracted from the speed of sound.

By using this principle of frequency shift and a computer, we
can measurc the movement of an aircraft over the ground. The
Doppler set transmits four radar beams downward at such angles
that they outline the corners of a large rectangle beneath the air-
craft The Doppler cffect shifts the frequenty of the radar signals
reflected back to the aircraft in proportion to the movement of the
airplane  The frequencies of the reflected signals are compared
with the frequency of original signals, and the difference is meas-
uted by the Doppler set The data that is obtained from cach of
the four beams is then fed into a computer, and the computer

v- calculates the drift angle of the aircraft and its cxact groundspeed
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The Doppler system constantly adjusts to changes in wmd direc-
tion, aircraft attitude, and engine power, and it*gives instantan-
eous indications of each. Presented to the pilot, navigator is such
information as constant present position, miles-tu-go w destination,
and the extent to which the aircraft is off course. The computer
may also be connected to the automatic pilot in many aircraft
to keep the air¢raft on course automatically.

[
INERTIAI NAVIGATION SYSTFM

-

©

The speed of ‘f)rmem-day supersonic airéraft and missiles re-
quires more sophisticated nav,i%eional systems than those of, the
past. The problem has been sqlved by the development of a re-
liable, accurate memal navigation system . (IVS) Inertial naviga-
tion uses measurement of .acceleration and is based on Newton's
laws of motion. Although the basic cancept of inertial navigation-
.has been known for years, development was delayed because the
required precision parts could not be manufactured. «
The INS is small and versatile, and it can be designed fer mis-
siles, fighters, or bombers. It is a self-commned unit rcqumng no

’
~ .

Figure 69. Doppler Effect.
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external inputs other than operating power. For this reasonm, it
cannot be affected by electrgpic countermeasures.

To use the inertial nav‘lgatl% system, an accurate fix is found
through pilotage, celestial, or other means. When this accurate fix
or pgsition has been set into the system, the inertial unit maintains
a correct read-out of the aircraft position durigg flight. The dis-
tance and direction flown is computed from if#brmation provided
by a device called an accelerometer.

* The afcelerometer is set into a stable platform, which is the

heart of the INS. With this gyro-stabilized platform, the INS is

not affected by airoraft maneuvers. The stable platform allows the
INS to use only those movements affecting navigation.

All information on aircraft movement is fed into a computer
that converts the information into present position coordinates,
groundspeed, distance, and heading from last fix, distance, and
heading to destination, amd wind *components. In other words,
when the INS is working properly, it solves the DR problem for
you.

INS is now used not only by airplanes, ships, and submarines
but also by ICBMs and space rockets for navigation.

WORDS AND PHRASES ¥0 RFMEMBER

fix C celestial navigation
ADF sextant
homing precomputation
Bird Dog ' Air Almanac
VOR assumed position

; MHz . LOP
omni ’ radar
course deviation indicator (CDI) CRT )
course selector | radarscope /
radio facilities chart ' microseconds
TO-FROM indicator PAR
DME LORAN
transponder master station
interrogator slave station
slant range hyperbola

CAN Doppler effect
ORTAC INS

ILS accelerometer
GSl stable platform

ry

outer marker
middle marker
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QUESTIONS

1. Why do we need navigation aids other than DR and pilotage?

2. A new point of departure or 2 point that cancels previous DR errors is
called a .

3. When yon have a crosswind and yon are homing on an ADF, yon will
fly a (straight/curved) course.

4. YOR operates between freqnencies MHz and
MHz.

5. A YOR radial is a direction (to/from) the station.

6. TACAN gives the same Information as 2 VOR plns:
2. Magnetic bearings
b. Distance to the station
¢. Distance from the station
d. b and ¢ above

7. Explain how to plot & magnetic conrse from & VORTAC.
8. Name three things fonnd in the identifying data of 2 VORTAC.
9. Name the three basic parts of the VOR indicator.

10. Yon have set 270 on your conrse selector and FROM is showing on the
TO-FROM indicator. What conrse mnst you fly to get to the station?

11. When the TO-FROM indicator flips from TO to FROM you are:
2. passing over the station
b. on the 090° radial
c. in = turn
d. on the 270° radial

12. When are the CD1 and GSI nsed together?

13. What action shonld the pilot take If he does not see the runway by the
middle marker?

14. What are the two cockpit indicators that the airplane Is over the middle
marker?

15. What are the advantages of celestial navigation?
16. What are the two primary nses of celestial sightings?

17. The instruments and or books used in celestial navigation are:
a. Alr Almanac, LOPs, celestial tables
b. sextant, assumed position, celestial tables
¢. Air Almanac, celestial tables, LOPs
d. Alr Almanac, sextant, celestis]l tables

18. How is distance measured on radar?
19. The radar signal travels at the

20. What are the two navigation nses of radar?

AY
O
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21. True or False, The advantage of L.ORAN is that it takes no special
equipment, |

22, Doppler uses beams to measure the alrcraft’s movement
of the aircraft.
a. one I
b. two )
c. three
d. four .

23, INS is based on _ laws of mﬁgﬁou.

«

THINGS TO DO

1. Ask an Air Force navigator to come to class and explain the practical
aspects of each of the navigation aids. Find out what are best for wartime
conditions and which work best in airline type flying.

2. There are many types of hand-held sextants. Some are used for ships,

¢ and there are others still in existence which were used by the Air
Force. Obtain one along with the Air Almanac and celestial tables.
Review AFM 51-40. which your unit has, and try to take some star
shots. If you can't find a sextant, try some precomputations using the 2
books. '

3. Go -back to Chapter 2. Replan that mission using ADF, VOR, and
 VORTAC. Attempt to fly with an instrument pilot and have him show
you the use of ADF, VORTAC, and ILS.

SUGGESTIONS FOR FURTHER READINGS’ '

US Aur Force AFM 51-37, Instrument Flying, Washington, 15C, Department
of the Air Force, 1971.

US Air Force AFM $1-40, Air Navigation, Vol 1, Washington, DC, Depart- .
ment of the Air Force, 1968.

Bripces, KeNNeTH D., Bridges Aviarion Studies, Seattle, Washington: Bridges
Aviation Studies, August 1972.

Kersuner, WiLLiaM K., The Instrument Flight Manual, Second Edition,
Ames, Jowa: Towa State University Press, 1792.

Lvon, THorurn C., Practical Air Navigation, Denver, Colorado" Jeppeson,
1972.

SANDERSON, A viation Fundamentals, Denver, Colorado: Sanderson, 1972.
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THE PLOTTER

NoTE. A plotter and a navigation chart are helpful traimng aids for learning
material in this section.

THE PLOTTER is a small transparent instrument designed to draw
and measure lines in desired, directions on navigation charts. The
plotter is made of transparent plastic, therefore, you may read
through the plotter as you work. Since it is plastic, special care
should be taken to prevent breaking it or leaving it in a hot
area, such as an aircraft instrument panel where the heat can melt
or warp it.

The plotter has two basic components (Fig 70). It consists of a
semicircular protractor with a, straight edge attached to it. Di-
rection is measured with the protractor, and the straight edge is
used in drawing lines. oo

Two complete direction scales located on the outer edge of the
protractor are graduated in degrees. Inside these two scales are
two other scales labeled 150 to 210 and 330 to 030. The direc-
tion scales are labeled every 10°. Each smaller increment equals
one degree. The outer protractor is used for measuring direction
between 000° (360°) and 180°. The inner scale of the prottac-
tor is used for measuring betwgen 180° and 360°.

Both the outer and inner scales increase in a counterclockwise
direction..In Figure 71, the arfow points to . ° on the
scale. (Do not write answers in book).

The differencé in the readings on the inner and outer scales is
180°. For inbtance, 080° on the outer scale is next to 260°
on the innef scal¥, This difference of 180° exists for every point
on the two scales. Iy Figure 72, the reading at arrow A is
and the readirig at arrow B is.._ 4

Oh a Lambert chart, the meridians converge tpward the poles.
For Yhis reason, a rhumb line and a great circle course have ap-
proximately the same direction at the ‘mid-meridian of the pro-
poscd flight path. Since it is easier to fly one Heading alng a
planngd route, the course direction should be measured at the
mid-meridian (mid-longitude).*

Thd first step in measuring the course and distance to be flown
is to plot the departure fand destination points on the chart. Draw

109
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SCALES FOR
DIRECTION

SCALES FOR COURSES
NEAR 180° AND 360°

SCALES FOR
CHARTS

Figure 70 Plotter.

"

the course line between these two poifits. If they are close to-
gether, the straight edge of the plotter can be used. If they are
far apart, two plotters or a plotter and some other straight edge
can be used together.

After the course line has been plotted. the next step is to de-
termine its direction. Placc the plotter on the course line so that
the small hole in the center is located over the mid-meridian
(Fig 73).
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Figure 71. 198° Inner.

The course direction is the angle between the vertical line on a
meridian and the course line. This angle is measured by placing
the meridian under the hole and aligning the base of the plotter
parallel to the course line.

figure 72 At = 038" 8= 218°
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. Swaight edge
poralle} with TC.

Figure 73. To Measure True Course.
S
A course line has two possible directions. the correct one and
the opposite or reciprocal. For example, if you go due east, your
direction is 090". If a line is drawn from where you arc toward
the east, it has a direction of 090°, but the line also could be

* measured the reciprocal of 090", which is 270" or due west. The

error of plotthag and measuring reciprocals is, unfortunately, all too
common, and such mistakes have resulted in serious trouble for
many pilots and navigators.

Just as the course line has two possible directions, sg does the
protractor on the plotter. Small arrows are found on most plotters
ncar the 90°-270" marks to minimizé the possibility of reading the
wrong scale. The best method to avoid measuring reciprocals is
to remember that, for courses plotted in an casterly direction, you
must read the inner scale.

If the meridian is not long enough to measure the direction,
manipulate the plotter so that onc of the distance scales is super-
imposed on the course line with the center hole still on the mid-
meridian (Fig 74). !

For a line that runs nearly north or south, it is difficult to align
the hole in the plotter with a meridian. In this case, the easiest
solution is to use a parallel of latitude as a reference instcad of
a mendian. To do this, you use the auxiliary scales located under
the regular direction scales on your plotter. The auxiliary scales
have a 60" range. which is divided 30" on cach side of 000" or
180°.

Like the regular measuring scales, the auxiliary scales increase
counterclockwise. The outer auxiliary scale start$ at 150" and m-
creases to 210°, The inner auxihary scale starts at 330" and

12
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.

runs through 000° to 030°. If you want to measure the direc-
tion of a course lifie. located near 180°, or south, you use the outer
auxiliary scale, when measuring.a course line near 000", or north,
you use the inner auxiliary scale. When measuring directiofls near
180° ~or 000°, slide the plotter until the center hole of the pro-
tractor is located over a parallel of latitude. Read the diregtiont
an the appropriate auxiliary scale as shown in Figure 75.
[

[

figure 74 Alternate Methods of Ploiting Courses when Meridian i3 100 Short

- 113 . |
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Figure 76. T; Draw a Course Line.

To draw a course line in a given direction from a known point,
place your pencil point and straight edge on a known point. Then
slide and pivot the plotier around the pencil point until the center
hole and desired direction are aligned along the same meridian.
After you have aligned your plotter, draw the course line along
the straight edge with your pencil (Fig 76).

Most plotters also have scales for measuring distances. These
scales vary according to the type’ of plotter. Some use statute
miles, others nautical miles. Some have distances marked off for
charts with 1.500,000 scales. Some have distances for charts with
1.1,000,000 scales, other plotters have scales for both. Before us-
ing the plotter to measure distances, be sure that you are using
the correct scale. . .

On the Lambert Conformal Chart, one minute of latitude equals
one nautical mile. Any part of a meridian graduated in 'minutes

. of latitude can.be used to measure distance. Measute the length
of the course line on the chart, lay it next to the graduated merid-
ian, and count the number of minutes of latitude, This number
equals the total nautical miles.’ ) ’
Every chart has a scale of both nautical and statute milgs. This
scale can also be used to measure the distance of the course line.

.
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Appendix B .
THE DEAD RECKONING COMPUTER

' 0
. ,

yNett. To attain maxsmum benefit from this section, you should use a dead
. reckoping computer, '

\ - .

, THERE ARE two components of the navigation computer, and these
.are placed back-to-back. One side is a circular slide rule that can
be used for arithmetic problems and is used in flying to figute

. time, distance, and other problems. On the other side, the vec-

tors of the wind triangle can be displayed.
L

i - 14

s ) SLIDE RULE FACE
The slide rule (Fig 77) consists of two circular scales, ‘ope a
stationary scale’ (the Miles Scale), the other a rotating scale (the °

L] = + i > - - ‘
’ s * N ' e
. o vt
' . - v HAVIGATION, . '
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Figure 77. Slide Rule Face of tle Dead Reckoning Computer.
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Minutes Scale). Each scale has a reference mark, the 1.0 called
the “Index”. The rotating scale also has a black arrowhead at the
sixty-minute or one-hour point, which” is known as _the “Speed
Index”. Graduations of both scales are identical. The graduations
are numbered from 10 to 100, and the unit intervals decrease
in size as the numbers increase in size. Not all unit intervals are
numbered, and the first element of sklll in using the computer is
“* the ability to‘read the numbets. ,

Unit intervals that are numbered present no dlfflculty The
primary problem lies in determining the correct values for the
‘many small lines located between numbered intervals. There are
ne numbers, for example, between 25 and 30, but it should be
obvious that the larger intermediate divisions. are 26, 27, 28, and
29. Between 25 and (unnumbered) 26 there are five smaller
divisions, each of which is .2 of the larger unit. If you go back to
the numbered units 10 and 11, you will find that the interval
between the two numbers is lelded into 10 smaller divisions.
Each of " these would be .1 of the larger unit, and the longer mark

at the center would indicate the .5 value. Practice in reading the .

numbers.will give you the requiréd skill.

o find a number, such as 278, first find the 27 (f5r 270);
then fmd the 28 (for 280), and then locate the fourth intermediate
division ¢for 278). Each division has two units. For a number,
such as 27812, the point,already chosen for 278 would be used.
“This same pomt would also be used for 27. 8, 2.78, etc. Placing
the decimal point is done largely by using common sense.

The slide rule face of the dead reckoning computer.is so con-
structed that any relatlonsh'lp between two numbers, one on the
stationary scale and one on the movable scale, will hold true for
all other numbers oh the two scales. If the two 10s are placed
_ opposite each other, all other numbers_will be identical around
the whole circle. If 20 on the inner scale is placed opposite 10
on the outer scale, all numbers on the inner scale will be double
those on the outer scale. If 12 on the outer scale is placed oppo-
iste 16 on the inner scale, all numbers will have ‘a three-to-four
relationship. This feature of the slide rule permits you to supply
the fourth number of any mathematical proportion. The sim-

plest and most useful application of this feature of the computer

is the solution of time, speed, and distance problems.

Time Speed, and Distance. A plane has traveled 24 nautical mile>
miles (nm) in 8 minutes. How many minutes will be required ‘to
travel 150 nm? The answer is the missing numbgr in a simple pro-
portion: -

24 150

8 = 7
118
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In this form, the proportion may be set on the computer ex-
actly as it appears, with 24 en the outer Miles Scale opposite
8 on the inner Minutes Scale. You now can read the number

"opposite 150 nm and find it to be 50 miputes. You can also read

the rate of speed opposite the arrowhead “s%eed index”. In this
case, the rate is 180 nautital fniles per hour or 180 knots. In
addition to the Minputes Scale, an inner Hours. Scale is used for
reading times in excess of one hour. For instance, under 24
on the inner scale is 4:00 or 4 hours.

Using this basic proportion principle, you can solve many types

_ of flying and math problems.

Matk Problems. The key to solving math problems on the computer
is the unit index, which is the 10 (or 1.00, 100, 1000). The
unit index is marked by a black box on both the rotating inner
and fixed outer scales.

To multiply, rotate the inner scale until the unit index is op-

“posite one of the numbers on the outer scale. Opposite the other

number on the inner scale, read thg answer (product) on the
outer scale. For example, if we wanted to multiply 36 times 15,

‘we would place the unit index under 36 on the outer scale.

Read the answer (540) on the outer scale opposite the 15 on
the inner scale. Work the following problems and check your
products against the answer sheet at the end of the Appendix.
Do not write your answers in the book. Multiply a by b.

a b Product
1. 210 10 '
2. 875 12 e
3. 26 26
4.. 52.5 90
5. e 106 10,5 "
6. 215 i1
7. 19.6 12
8. .084 41
9. 32 42

10. 2.1, 156

To divide, the multiplication process is reversed. The dividend
(number to be divided) is placed above the divisor on the inner
scale. The answer is rcad on the outer scale opposite the unit
index. For example, if we wanted to divide 2700 by 25, we would
place 25 under 27 (2700) and read the answer (108) on the
outer scale over the unit index. Work the following problems and
check your quotients against the answer sheet at the end of the
Appendix. Do not write your answers in the book. Divide a by b.

1%
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a b

241 10
170 15
21.8
525
4380
1550
57 .
341
100
220

CUENAUNHEWN
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Time, Speed, and Distance. Suppose you are flying in a light air-
plane, and you have traveled 36 nautical miles in 12 minutes,
how fast are you going? This is ane typical problem that can be
solved with your computer. This problem and many others can
be solved in a few seconds using one hand. Therefore, you can
work problems and fly the airplane at the same time.

In the problem above, you set the 36 on the Miles Scale over
the 12 on the Minutes Scale and read your ground speed oppo-
.'site the black arrowed speed index. In this example, you are fly-
ing 180 knots. , .

Using this same example, suppose that you hdve 210 nm to go. °
How long will it take you, assuming that you will fly the same
groundspeed? Leave the speed index under 180, read’ the time
that it will take you to travel the 210 nm opposite 21 on the miles
index. The,answer is 70 minutes or 1. hour and 10 minutes.

Another problem common to almost all flights is determining
the distancép traveled at a given speed after a given amount of
time. For example, how far would you go in 36 minutes at 167
knoté Set 167 (one-half the distance between 166 and 168)
over the speed index and read the distance over 36 on the Min-
utes Scale. You find that you would travel 100 nm. Find the
missing quantities, check your answers against the answer sheet in
the Appendix. Do not write your answers in the text.

Distance




Time Speed Distance

1o e 132k 203nm
8 1:18 . k 194nm
9 :47 147%« . nm
10 1:34 k 412nm

Fuel Consumption. Another important use of the computer is the
solution of problems concerned with fuel consumption. It gets
lonely and mighty quiet when you run out of fuel at 3,000 feet,
20 miles short of your destination.

Problems in fuel consumptioh are solved in the same manner
as speed problems, except that the rate is expressed as gallons per
hour (gph) instead of miles per hour. Therefore, gallons, like
miles, are read on the outer scale. The arrow is again used as the
rate index.

"You age one hour from your destination, and you are burning
85 gallons per hour (gph) with 150 gallons remaining. Do you
have enough fuel to make it? The first step is set the speed index
(black arrow) to the rate of consumption (85 gph). Under the
fuel available (150 gallons) on the Miles Scale, read the time of
flight on the hours scale (1.46). In ourproblem, we have 1 hour
and 46 minutes of fuel with one hour to fly. We would reach
our destination with 46 minutes of fuel in reserve.

In another case, assume that you have flown 1 hour and 28
minutes and have burned 135 gallons of fuel. What is your rate
of fuel consumption? Under the total fuel consumed (135 gas),
set the time (1:28) on the inmer scale. Read the rate of con-
sumption (92 gph) on the outer scale opposite the arrow.

Another important aspect of preflight planning is cafulating the
total fuel required for the flight. Let's assume that you are figuring
a flight that will last 2 hours and 10 minutes, and your aircraft
burns 85 gph. How much fuel is required for your flight? Set the
arrow at the rate of consumption {85 gph) on the outer scale.
Over the time (2:10) on the inner hour scale, read the total
fuel required on the outer scale (184.5 gals). Find the missing
quantities; check your answers against the answer sheet at the end
of the Appendix. Do not write your answers in the book.

Time Rate Fuel

(gph) (gals)
1, :35 17
2. - . * % 113
.0f 23 £ o3
4. 1:10 35

| 125
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Rate Fuel
(ghp) (gals)

10,

Statute Miles, Nautical Miles, and Kilometers Conversion. Most
navigational calculations use nautical miles and knots. In light
plane flying, work is sometimes done in statute miles and miles
per hour (mph). There is a move in this country to convert to
kilometers in the metric system. The slide rule face of the dead
reckoning computer provides a way for converting distagce meas-
ures from one system into the other. This can be done by using
the NAUT, STAT, and Km markings on the outer scale. To con-
vert 220 nm to statute miles or kilometers, place 220 under the
NAUT arrow and read the statute mile conversion under STAT
(254) and the kilometer conversion under Km (406). Read the
answers on the inner scale. Conversions of any of the other units
are made in the same way. The known number is placed under
the arrow for the unit in which that figure was expressed, and ‘the
unknown quantity is read under the appropriate arrow. Find
the missing quantmes\ check your, answers against the answdr
sheet at the end of the Appendix. Please do not write your
answers in the book.

Nautical Statute Kilometers
Miles Miles .
1. 160 e
2. R 240
. T 35
4 . 15 e
S. 85
6. 24 o,
. a7
8 8 »
9, 92 e
10. 60

As you progress to more complicated instrument naviga-
tion gnd flying, you will learn other uses of the computer. Pilots

122
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often find it necessary to know how long it will take them to fly

a very short distance, and they will usually want to know the

 time in seconds. The SEC (seconds) index on the DR com-

puter gives a quick conversion. A small arrow has been placed Y
on the Minutes or Inner scale at 36. This represents 3600 sec-

onds or the equivalent of one hour. When this index -is placed
opposite a known groundspeed, the time to fly a given distance

may then be read on the Minutes Scale under the distance to fly.

The time will be shown in seconds. ,

The airspeed indicator is constructed to operate accurately under
standard atmospheric conditions, (a pressure of 29.92 inches of
mercury and a temperature of 15°C). In flight, these exact con-
ditions will rarely be found. Therefore, the pilot will need to cor-
rect the readings of his airspeed indicator fot pressure and tem-
perature variations to find his true airspeed. The slide rule face
of the dead mgckoning computer has a special scale that will en-
able him to make the necessary corrections, it is labeled FOR
AIRSPEED AND DENSITY ALTITUDE COMPUTATIONS.

We will not discuss the mechanics of calculating this correction
there, but this should be learned before taking the FAA Private .
Pilot’s Exam. The method is explained in AFM 51-40.

You can find altimeter corrections using the FOR ALTITUDE
computations window. Density, altitude, and drift correction to par-
allel course can also be found. Many of these problems are being
solved with modern instruments in new aircraft. Before flying, you .
should determine the corrections that you need and review . the
procedures for computing them.

WIND FACE

The wind face of the computer (Fig 78) is used to plot the
wind triangle. Before attempting to pse this part of the computer,
you should be thoroughly familiar with the wind triangle prgblem.

The wind face has two parts, a circular disc and a slide. The
circular plotting disc contains a compass rose and a clear plastic
plotting disc with a small circle in tfie center called the grommet.
The slide has airspeeds calibrated on both sides. One side is used
primarily for lower airspeeds ranging from 0 to 270 knots. The
other side is used fo1 speeds up to 800 knots. Both sides of the
slide are marked off on ecither side of the speed lines in degrees
“of drift. .

The wind face of the computer’can be used tp compute any
component of the wind triangle. In your preflight planning, you
measured true course on your chart, and you obtained wind at the

. 19
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altitude that you plan to fly from the weather station. You know

.

the best true airspeed from previous experience and aircraft man-

uals, Therefore, you have the following parts of the wind triangle.

. True course (TC)

Wind direction and speed (W/V)

True airspeed (TAS)

)

ding (TH) that needs to be flown to

.

the groundspeed (GS) to be able to

figure how long it will take you to reach your destination.
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Figure 78. Wind Face of the Dead Reckoning Computer
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Let’s assume that you have found for your flight today the fol-
lowing information:

- Wind Direction - 240°
Wind Speed - 30 Knots
True Course . - 195°

;True Airspeed - 180 Knots

"You need to find on your computer:

_ True Heading
Ground Speed

The following is the sequence to follow in ‘solving‘ this probem.
" a Set wind direction (240°) ynder the TRUE INDEX.

b. Draw wind vector up from center of disk to the proper
length for 30 knots.

c. Rotate the @zimuth until the TC (195°) is dircétly under
the TRUE INDEX.

d. Now,wlide the grid through the computer until the end of
the wind vector rests on the TAS (180k).

¢. Note the wind correction angle (7°R). Each graduation right
or left of the center line is equal to 1°. Under 150k, the grad-
uations equal 2°. .

" f. Remember that a right wind correction is applied to' a left
drift and a left correction to a right drift. We subtract for left
wind correction and add for right drift correction. We are reading
drift correction angle off the computer. In our example, we have
7°R drift correction; therefore, we add 7° to our TC to attain
our TH. TH in our problem equals 202°.

g The GS can be read directly off the computer. The number

underneath the grommet equals the GS. The GS in our example
is 158k. '

With' this information, you know that, to make good your TC
of 195°, you must hold a TH of 202°. You glso know that your
speed over thé ground will be 158k. By taking this speed and
setting it on the slide rule face opposite the distance to be flown,
you can find how long it will take.

g
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Exercise. Solve the following problems, check your answers against
the answer sheet at the end of the Appendix.

Wind Wind

Direction  Speed

1. 148° 32
2, 300° 18
3. 015° 26
4, 225° 15
5. 180° - 35
6. dflg'of 30

7. 110° 38 .
8. 045° 25
9. 060° 35
10. 310° 36

True
Course
080°
010°
160°
275¢
. 050°
190°
028°
292°
130°
206°

True
Air-
speed
170
130
190
140
200
175

“300

165
180
145

True
Head- Ground-
ing Speed

You may use the wind face side of the computer to solve (ger
unknown components of the wind tsiangle. For example, you may
find TC and GS or TH and TAS with the wind face if you have
the other data. Wind direction and wind speed can also be found.

" ANSWERS TO EXERCISE PROBLEMS

MATH PROBLEMS

"PRODUCTS . . . page 119

2100
4500
676
4725 "
1113
2365 #
2352
3.444
1.344
3216

CPRNA AN LN

—

QUOTENT page 120

.

COPNFUDdWN-

—

TIME, SPEED, AND DISTANCE, pages 120-21

54
1920m |
1:12
142k
82nm
156k
1:3214
149k
115nm
262k

FUEL CONSUMPTION, page 121-22

-

PLRNANDE LN~

w—.

29.2gph

,2:50

:19
30gph
126
34gph
98

60
35gph
51
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STATUTE MILES, NAUTICAL MILES, AND KILOMETERS, page 122

—

—

Nautical Statute Kilometers .
1. 160 182 . 296
2. 208 ) 240 335 s
3. 18.85 21.8 .35
4. 13 : 15 24.1
5. 8.5 9.8 1563
6, 20.8 24 38.5
7. 25.45 129.25 47
8. . 74 85 136
9, : 92 106 170 4
0. 52 60 96 .
WIND FACE, page 126 o

TH GS o “
1. . 090% . 155
2. . 002 123 . .
3. 156 ur - ) :
4. 220 130 + .
5. 058 221 -
6. 181 185 - o
7. 036 293 . ST
8. 300% L 1M
9, 119% 165 . . .
0. o221 148 :

I"d



INDEX !

absolute altitude: 66
aceelerometer: 105
ADF: see automatic direction finder
aeronautical symbals: 13-14

AlM: see Airmans Information Manual
Air Almanae: 99

air vector:

Airmans lnforf’ﬁaﬁon Manual (AIM): 17
Airplane Flight Manual: 62

Alrport Directory: 17

, alrspesd; 61

airspeed indicator: 59-60, 123

alert areas: 16

.alternate route: 2]

altimeter: 59-60, 64-66
altimeter setting: 22, 64~66
altitude: 64-66 v

altitude separation: 22-23 °
‘ aneroid baromater-<64
are: 30 -
atumed position: 99 -
aftitude indjcator: 60 '

automatic  direction fihder™ (ADF): 90,

* 92-93
auxiliary scales: 112-113 .
azimuthal projections: 47

B

Bird Dog: 90 .

. C

cal’brofod alrspeedh™ 82
cartographers:” 41
cathode ray tube (C
CDl: ses coyrse devibtio
calestial nuvigalidr\: 99
charts: 9

CH: see compuss heading
clock: 59-61

compass: 40, 67
compass-card: 67, 69
compg(s heading (CH): 67, 70
compass rose: 33

: 100
on indicator

A

fompcm swing: 69
/ component vector: 83-84

-

E

O

RIC

. compulor: 137-118 123-124

art; 48
jection: 48
ton: 51~82
conlour: +
_control tower frequencies: 16

course: 34

Aruitoxt provided by Eic:

course deviation indicator (CD!): 94~95
course selector: 94

CRT: see cathode ray tube

cvltural features: 6

4

D

Daylight Saving Time: 37-38

dead reckoning (DR): 75-76, 89-90

dead reckoning computer: ses computer

degrees: 32

density altifude: 67

depgrture: 19 .

destination: 19

developable surface: 42-43

deviation: 69.

direction: 3, 5, 34, 54

dlslanu 5, 34, 54, 15
ulu q

distortion: 42, 44

DME: see distance measuring equipment

Doppler: 103-104

Doppler effect: 103-104

DR: see dead {gckoning / .

drift: 80 3

drift correction: 81 -

drift correction angle: 81

ipment (DME): 96

E

East is Least and West is Best: 70
Eastern Hemisphers: 22, 32
estimated time of arrival (ETA): 38
ETA: see estimated time of arrival
equator: 30, 37 -

Exam-O-Grams: 21

fix: 90

fixing alds: 76

flight plani. 18

flight service station (FSS): 18
FS§: see flight service station

T~

G

-

gallons per hour (gph): 121
geometric projection: 42

glide slope indicator (GSI): 98
GMT: see Greenwich Mean Time
gnomonic charts: 47

gnomonic projection: 46~—47

gph: see gallons per hour

129

132
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Aruitoxt provided by Eic:

graticuler 42 .
great circle: 30, 36, 52
great circle course: 54,
great circle route: 54
Grunwich Mean Time:
Grgenwich Meridian: 31
ground vector: 85
groundspeed (GS): 61, 76, 123
GS: see ground speed

109

(GMT): 38

_ GSl: see glide slope indicator

gyrocompass: 67, 71

H .
heading: 35, 71 )
Hipparchus: 41 .
homing: 90, 92

hours scale: 119
hydrographic features: 7

hyperbola: 102

i
AAFR: see instrument flight rules
index: 118

1LS: see instrument landing system
indicated ainpud 62

indicated altitdde: .66

inertial navigation system (INS): 104 ~
INS: seé inertial navigation system .
ingtrument flight rules (IFR): 18

instrument londing system (ILS): 97-98
interrogator: 96 -
isogonic lines: 68-69

J

‘[oi navigation charts: 10-11

K
kilometer (km): 34
kms sew kilometer
knots: 34
known pdsition: 3
14
L

Lambert Conformal Chart: 53-54, 104
landmark flying: 10 .

large scale: 10

latitude: 31-33

legend: §

line of position (LOP): 99

linear fegture: 21

" microseconds: 100

139133 .

4

’
-4

Iong rango navigation (LORAN): IOI-IOGW'&‘N’
longitude: 31, 33, 37 P
LOP: see line of position ST
LORAN: see long range navigation -
lost procedures: 24-26
low Altitude Warning Symbol:
lubbaer line: 67

“x

-

M.

magnetic compass: 67-68
magnetic heading (MH): 67, 70
magnetic north: 68 ¢
magnetic variation: 69 1
maps: 9 i s,

master station: 102 -
mean sea level (MSL): 67
MegaHertz (MHz): 91

Maercator chart: 51, 54
Mercator projection: 48, 50-52
meridians of longitude: 31

MH: see magnetic heading
MHz: see MegaHertzr

mid-meridian: 109 .

middle marker: 98

miles scale: 117, 119

minutes of arc: 33-34

minutes of latitude: 34, 115 '
minutes scale: 118-119

MSL: see mean sea leve!

v\ N
-

nautical mile: 34

navigation computer: see computer ‘

needle, ball, and airspeed: 60

Northern Hamisphers: 31

NOTAMS: see Notices te. Airmen

Notices to Airmen (NOTAMS): 17

- o

obsolete charts: 12 N .

omni: 91

operational navigational charts: 10-11 ~
orthographic profections: 41

outer marker: 98

owner's manual: 62

P

n

PAR: see precision approach radar
parallels of latitude: 31
parallel of tangency: 45, 49, 51-52

&

2 an

.




pilot weather reports (PIREPS): 18
pilotage: 17 .

PIREPS: see pilot weather reports
pitot tube: 61

plotter: 109, i, 113-1s

point of projection: 46

peint of tangency: 44-45,.52 -
polar projections: 46

polar stereographic chart: 47

polar stéreographic projection: 47, 49
.position: 1, 4, 19

precision approach radar (PAR): 101
preflight planning: 4

pressure altitude: 67

prime meridian: 3}

problems:

. airspeed: 125 '

altitude:

conversion: 122

distance: 118, 120

fuel consumption: 121-122
heading: 125-126

math: 119-120

speed: 118, 120, 124-126
time: 118, 120-121} .
wind computation: 125-126 .

@ prohibited areas: 16

projection : 4244

R

‘., radar: 100
radar scope: 100-101
radials: 91
radio fadlitfes char: 94
, reciprocal: 112 , - .
relief features: 6, 13 *
. restricted areas: 16
resultant Vettor: 63-84
trhumb fine: 36 5Y52, 54, 109 ™ -

* .

N S
scale: 10 .
secant cone: 53°
seconds of are: 33
udional charts: 10, 12 17, 20

sextant: 99
slant ral‘bq 96

slave station: 102 P

~  slidesrule: see computer
small circles: 30-
small scale: 10
Southern Hemisphere: 31 ,
spacial notices: 16 .
speed: 34

o , - 1T
ERIC - - 434

Aruitoxt provided by Eic: . ” »

speed index: 118-119 1

stable platform: 105

standard parallel:, 44, 51-53
standard sea level conditions: 63~
statute miles: 34

stereographic projections: 42, 46

p T

TACAN: see tactisal air navigation

tactical air nawgation (TACAN): 96-97

TAS: see true airspeed

TC: see true course

ten mile increments: 19

TH: see trué heading

time: 4~-5 * .

To-From indicator: 96

TR: see track

transponder: 96

track (TR): 35, 79-80

true airspeed (TAS): 63, 76, 78, 124

true altitude: 67

true course (TC): 76, 79-81, 124

true heading (TH): 67-68, % 78, 80-81,
124

turn and bank indicator: 60

« .
U N
undevelopable surface: 42

v
VAR: see variaﬂo;

variation (V(R) 69
vectars: 7%, 84

velocity: 78 ’
very high ,frequgncy omnirange (VOR):
. 91, 95 \ .

VFR: see visuxl flight rules

VFR Pilot Exam-O-Grams: 21

visual flight rules (VFR): 18 .
VOR: see very high 'froquongy, o/mnirango
VORTAC: 96-97 -

w

.
e

“wamning areas: 16

Waestern Hemisphere: 22, 32
wind: 76, 78 .

. wind direction: 76

wind face: 123-124°
wind 'rianglo- 82-43, 85:86, 123

wind vector: 35
. :./ . .

L



. X 1
wind velocity: 76-77, 79 . y4
W/Y: 77, 85, 124 . !
X Z: see Zulu time
: Zone Time: 37 , .
Y Zolu Time (Z): 38
-f + .
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